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it States Department of Agriculture, 
8 isles CE ‘OF PUBLIC 20AD INQUIRIES.—Circular No. 37 


Re tal a MARTIN DODGE, Director. 


WASHINGTON, D. C., February 25, 1904. 


Str: I have the honor to submit herewith a paper on the economic results 
which follow improvement in roads, whether for rail or wagon. This paper was 
read by A. L. Craig, General Passenger Agent of the Oregon Railroad and Navi- 
gation Co., before the Oregon State Good Roads Association at its first annual 
convention, held in Portland, Oreg., October 24, 1903. The convention at once 
voted unanimously a request for the publication of the paper by this Office. 
Inasmuch as the paper deals with some features of the road question not here- 
tofore presented in any previously published address, I heartily concur in the 
recommendation of the convention regarding the paper and respectfully recom- 
mend its publication as Circular No. 37 of this Office. 

Very respectfully, 
MARTIN DODGE, 
Director. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 


THE RAILROADS AND THE WAGON ROADS. 


I am glad to have the opportunity to say a few words on so impor- 
tant a subject as “The Railroads and the Wagon Roads,”’ although I 
think, had I been selecting the subject, I would have placed the wagon 
road first and the railroad last, that being the natural order, both as to 
priority and importance. 

Centuries before the railroad was ever dreamed of wagon roads 
existed, and their improvement had the earnest thought of the progres- 
sive element of the communities through which their course lay. 

Without the wagon roads the railroads could not exist any more than 
this city could prosper or even have its beginning without a surrounding 
country to support it. 

Railroads are frequently referred to as trunk lines. The simile is an 
apt one. ‘If the railroads are the trunks, then the wagon roads, stretch- 
ing out into the adjacent country, are the roots which bring to the 
trunk the business which supports it. 

To assert that better wagon roads are not desirable or necessary 
would discredit the wisdom of the brightest minds in the railroad 
world. 

Railroad managers are spending millions upon millions of dollars to 
do for the properties they represent exactly what the gentlemen inter- 
ested in the good roads question are endeavoring to have done for our 
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wagon roads. All this expenditure means what? Simply that a given 
amount of power shall be able to haul more tons than heretofore and 
that in the transportation of the railroad’s business its motive power 
and rolling stock shall not be subjected to the strain and shocks that 
had to be borne when the road was less nearly perfect. 

To use a home example, why has the Oregon Railroad and Navigation 
Company spent millions of dollars in eliminating the curves, in reduc- 
ing grades, in building steel bridges, in more solid embankments and 
laying heavier rails? Do you think it is simply that someone may ride 
with a little more comfort than heretofore? Not by any means. While 
the comfort of its patrons is always a strong element for consideration, 
the main reason for the improvement is that the expenditure of this 
money will mean such a saving in the expense of operation, that the 
result is a greater profit on all the capital invested. 

If a single railroad finds it necessary to spend many millions in this 
direction, would I dare to say that a proportionate expenditure on the 
wagon roads would not be consistent with the truest economy? 

To-day, I am informed, that about the greatest distance a farmer 
can afford to haul wheat over existing wagon roads to the railroad, is 
about 20 miles. If the wagon road can be so improved that with the 
same number of horses and with the same wagon two tons can be 
hauled where one is the present limit, it will also be found that the 
extreme boundary of the profitable wheat area would be 40 miles, or 
double what it is now. That is, a farmer under the improved condition 
of wagon roads, 40 miles distant from the market, could produce wheat: 
with as much profit for himself as the farmer who to-day is but one- 
half that distance removed from the buyer at the railway station. 

If an additional strip only five miles wide could be brought within 
reach of a market by good roads, contiguous to the entire line of the 
Oregon Railroad and Navigation Company, and only every other section 
could be made productive, over three and one-half millions of acres 
would be added to the producing area of the Pacific Northwest, which 
on the generous basis of 160 acres to each family, would support nearly 
22,000 families. Yet five miles is not a great distance to extend the 
profitable productive belt if you go at the good road proposition in the 

right way. 

Have you, who live from 10 to 20 males from the railway, ever con- 
sidered that in addition to a great reduction in the wear and tear on 
horses and wagons as well as upon yourselves, good roads would 
increase the value of the land itself by, as it were, picking it up bodily 
and placing it nearer the town ? 

I am told that in Baker County in this State, that Eagle and Pine 
Valleys are capable of producing anything in agricultural or horticul- 
tural products that can be raised anywhere in the State. They are 








3 


from 50 to 60 miles from their natural market, Baker City, and at 
present their output is practically limited to the needs of their imme- 
diate vicinity, or to cattle which can furnish their own transportation. 
I hardly need to picture to you what would be the result of a good 
wagon road to Baker City, bringing, as it would, these splendid valleys 
within reach of a profitable market. Every vacant acre would be taken 
up and tilled by the new settlers from the East and millions of dollars 
would be added to the wealth of Baker County and the State of Oregon, 
both from increased value of lands and from money brought into the 
State by the newcomer. This is only one of the many similar instances 
in this State which could be cited. | 

The old settler in Oregon, who came across the plains, knows that 
the same number of miles intervene between the Missouri and Willam- 
ette rivers that were there in the “‘ fifties’? and “ sixties,’’ but he also 
knows that the distance, in effect, has been shortened so that the rela- 
tion between then and now is as six months is to three days. And what 
has brought this about? Nothing but good roads, railroads, to be sure, 
but a good railroad is simply a good road for locomotives and cars to 
run on and is an evolution from the wagon road. If the best results 
could have been obtainable from running a locomotive on a good wagon 
road, do you think that hundreds of millions of dollars would have been 
spent for rails and ties, which had been brought sometimes from over 
the ocean, when the material for the wagon road was practically at 
hand? Certainly not. Instead, the railroad men would have con- 
structed the best wagon road they could conceive of. 

The railroads, therefore, have met the exigencies of the situation and 
are trying to make the best road they can build; and if it pays the ~ 
railroad to do this, why will not the same reasoning hold good for the 
people in connection with the public highways? Railroad men appre- 
ciate what good roads mean, and it is time our towns and country dis- 
tricts were awakening to the true meaning of what good wagon roads 
would do for them. 

I will leave it to the gentlemen who have made the wagon road more 
of a study than I to go into details of cost and construction, having, I 
hope, made clear to you the cardinal thought I had in mind, viz., there 
is no essential difference in principle between the improvement of a 
railroad and the improvement of a wagon road and that railroad men 
have learned that the best railroad which can be constructed is the most 
economical. 

_ I can not leave this subject entirely, however, without giving utter- 
ance to one more thought. I want to call your attention to the effect 
of good wagon roads on the settlement of this country. A campaign 
for additional settlers has been started this year by the railroads, and I 
am glad to acknowledge that the people of Oregon, particularly in the 


4 


country districts, have given us great encouragement and assistance in — 
the work. . 

Some criticism has been offered that there should be a comparison 
between the East, which has had hundreds of years in which to progress _ 
and to perfect its roads, and this section, the settlement of which dates 
back but sixty years. | 

People from the East will not stop to consider this feature. They 
have been accustomed to see certain conditions in the country from 
which they come, and they naturally measure conditions in this State 
by what they have been familiar with. 

I will not argue fora moment that this is fair, but it is sitet a con- 
dition. Now, if we can take hold of the road question and make a 
good start in the right direction, we can meet the criticisms of the 
Eastern people by showing what we have under way. Possibly there is 
another reason why Eastern people expect our country roads to be the 
peer of those they have been accustomed to; that is, they will find as 
good single-track railroads here, that is, railroads with as good roadbed, 
good rails, as good buildings, and as good rolling stock as they have 
ever seen in the East. They will also see in Portland as good a city as 
can be found in the East of the same population. If they find two 
such strong features in this country which are up to their ideas of 
‘excellence, I do not know that I can blame them very much for expect- 
ing that the same mark will be reached in all respects in this State, and 
we don’t want to let them think that the country has in any way lagged 
behind the cities and the railroads in the march of improvement. 
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A STUDY OF ROCK DECOMPOSITION UNDER» THE ACTION OF WATER. . 


By ALLERTON S. CUSHMAN. ff 


In a previous publication the author has en out that when most 
rocks are crushed down to fine powders (100 mesh and finer) and then wet- 
ted, immediately hydrolytic reactions occur, which point indubitably to the 
fact that certain decompositions of the rock substance have taken place. 
Whenever, as is almost invariably the case in the rocks of igneous 
origin, alkaline bases, such as lime, magnesia, soda, and potash, are 
present, the fine powder will show an immediate alkaline reaction to 
delicate indicators, such as phenol phthalein, the instant the water comes 
in contact with them. Although these reactions start with remarkable . 
promptness, they do not go far, and the actual amount of alkali set free 
is so small that few investigators have paid attention to the matter. 
Undoubtedly, however, as it is not difficult to show, these decomposi- 
tions are of the very highest importance, not only in their relation to 
certain interesting theoretical considerations having to do with physical 
chemistry, but also because they have a direct bearing upon many im- 
portant problems of engineering and of agricultural and industrial 
chemistry. The value of a rock for road building, so far as its binding 
or cementing power is concerned, depends entirely upon the fact that 
decomposition takes place. Since rocks, even of the same species and 
type, vary widely in their resistance to the action of water and dilute 
solutions when in the state of fine dust or powder, the value of such 
investigations as are detailed in this paper becomes apparent. Storer,’ 
from the standpoint of agricultural chemistry, discusses In 2 most inter- 
esting way the disintegrating power of water on rocks. Describing the 
work of the Messrs. Rogers, who found that from a third of 1 per cent to 1 
per cent of some minerals was dissolved out by water, Storer calculates 
that, granting only one-third of a pound of potash is dissolved out of 
every 100 pounds of rock, then in every 3,500,000 pounds which would 
so to make up an acre taken to the depth of 1 foot, about 10,000 pounds 
might be dissolved. Since 15 tons of good stable manure will supply 
no more to an acre than 150 pounds of potash alone, it is at once 





1 Agriculture in Some of Its Relations with Chemistry, ed, 5, v, 1, p, 184, 
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apparent that the immediate decomposition of certain potash-holding 
rocks under the action of water is a question of very high importance. 

Daubree found that if feldspar was ground in an iron cylinder for one 
hundred and ninety-two hours with water enough to make a thin slip, 
0.4 per cent of potash could be found in solution at the end of the run. 
This result is in substantial agreement with numerous similar experi- 
ments which have been made in this laboratory. In the experiments 
about to be described, a typical orthoclase feldspar from Westchester 
County, N. Y., was selected and ground dry in a ball mill until the 
powder all passed a 100-mesh screen. This powder had the following 
composition : 





Per cent. ‘ Per cent. 
shoe: Sega Bie gee eee 66.23 | P20 .-W......2-2-. cn .39 
UENO > S OE ee a ee eae 19.96 | H,O 100°-+ __.___ Mee .28 
Fe,03 2a RS Se ee ae eae .20 
ie... OS Eee ee 11.61 100.11 
Na2,O of apy oe ee fee CE 1239 





If this orthoclase dust was directly extracted with distilled water by 
shaking 25 grams with 100 cc of distilled water and the mixture subse- 
quently filtered, about 0.024 per cent of soluble alkali was found by titra- 
tion in the clear filtrate. The author has, however, shown elsewhere! 
that by no means all of the alkaline bases set free by the decomposing 
action of water pass freely into solution. By subsequent action of some 
electrolyte, such as NH Cl, more of the base is carried into solution. 
This is shown in Table I. A number of samples were weighed out in 
Jena glass flasks, varying amounts of NH,4Cl added, and the contents 
thoroughly shaken with a measured quantity of water. Aliquot portions 
of the filtrates were evaporated to dryness, the residue heated to expel 
all ammonia salts, and weighed. 


TABLE J.—Orthoclase rock powder treated with dilute solutions NH,Cl. 








Strength 
Amount | NH4Cl solu- | Weight of | Residue per 
taken. | tion (100 cc residue. 100 grams. 
used). 

Grams. | Percent. | Gram. | Gram. 
25 0.000 | 0.0060 0.0240 
25 .601 .0092 .0368 
25 .010 .0184 .0736 
25 .100 .0400 .1600 
25 1.000 .0624 . 2496 
25 1.500 .0664 . 2656 
25 2.000 | .0608 . 2432 




















Table II! is included here to show that rock powders other than 
orthoclase are subject to similar decompositions. 








‘U.S. Dept. Agr., Bureau of Chemistry Bul. No. 92. 
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TABLE Il.—Diabase rock powder treated with dilute solutions NH,Cl. 











Strength 
Amount | NH4Cl solu- | Weight of | Residue per 
taken. | tion (100 ce residue. 100 grams. 
used). 
Grams. Per cent. Gram. Gram, 
25 0.000 0.0064 0.0256 
25 .001 .0092 .0368 
25 .010 .0180 .0730 
ey .100 .0616 . 2464 
25 1.000 a4 2 .5648 




















The results included in these tables show the amount of soluble 
alkali that. can be obtained in solution from the mere digestion of 
ordinary dry ground rock powders in cold water and dilute solutions of 
an electrolyte. If the powders are ground wet in a mill for a number 
of hours, more decomposition takes place and more free alkali passes 
into solution. This is clearly shown in Table III. 


TABLE III.—Orthoclase rock powder treated with NH,Cl after wet grinding. 














Strength 
Amount | NH4Cl solu-| Weight of | Residue per 
taken. tion (100 ce residue. 100 grams. 
used). 
Grams. Per cent. Gram. Gram. 
25 0.000 0.080 0.320 
25 1.000 .118 .472 
25 1.000 .125 .500 
P25 1.000 wl32 .528 
25 1.000 143 ae 

















The action of dilute solutions of ammonium chloride in causing an 
increased amount of free alkali to pass into solution has been discussed 
in a previous publication.! The work of Linder and Picton,? Whitney 
and Ober,’ and others has shown that when colloid or pectoid substances 
are formed in the presence of solutions of electrolytes, the bases generally 
will be absorbed by the pectoid substance, if the pectoid is electro-negative 
in character. Although these absorbed bases can not be removed by 
water alone, they can be removed either wholly or in part by digestion 
in dilute solutions of certain electrolytes. The writer has shown that 
when water acts upon certain minerals and rocks, decomposition imme- 
diately commences, leading to simultaneous formation of pectoid mat- 
ter and soluble electrolytes. We should therefore expect only a small 
portion of the alkaline bases set free to pass freely into solution, which 
is precisely what we find to be the case. P 





1U. S. Dept. Agr., Bureau of Chemistry Bul. No. 92. 
2J. Chem. Soc. (London), 1892, 61, 114; 148. 
3J. Am. Chem. Soc., 1901, 23, 842. 
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If water attacks a mineral powder like orthoclase so readily, why, we 
may ask ourselves, does the reaction, practically speaking, come to a 
definite end almost immediately? The answer to this question is 
simple. Any reaction in which the reaction products are insoluble in 
water and are not removed by any agency from the surface of solid 
particles where they are formed would behave in exactly this way. 
Remove the reaction products from the immediate place of formation, 
either by stirring, erinding, or by the action of certain electrolytes, and 
the reaction will proceed. 

In spite of the general soundness of this reasoning, it was felt that 
experimental evidence was needed in order to get light upon the extent 
to which these decompositions actually 
take place. The vexatious difficulties 
experienced in trying to filter slimy 
suspensions, the effect of carbonic acid 
upon the indicator used in volumetric 
work, and, above all, the uncertainty 

as to the extent to which the soluble 
bases actually pass into solution, make 
investigations of this kind extremely 


the results obtained point the way to, 
even if they do not measure the quan- 
titative limits of the reactions under 
discussion. It is certain that the kao- 
linization of feldspars in nature pro- 
ceeds to the conclusion of the decom- 
position reactions, but, although the 
process may be observed in some places 
as at present going on, we have no data 
on the time necessary to complete it, 
nor on the exact conditions in nature 
most likely to accelerate it. It may 
be surmised that the decomposition is extremely slow and that natural 
attrition under the action of water is not so very much unlike the wet 
grinding operations of a laboratory mill. 

In attempting to measure quantitatively the extent of the decomposi- 
tion reactions as observed in the laboratory, there was always the danger 
that a portion, if not all, of the free alkali obtained already existed as 
such in the orthoclase sample and was not therefore the result of the 
immediate decomposition induced by the action of the water. After 
some experimentation a method was hit upon which seems in every 
respect suitable for testing the points just raised, as well as supplying 
an excellent laboratory method for the separation and analysis of vari- 


| 


Jofels! 


NN 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
NN 
N 
N 
N 
N 


N 
N 
N) 
N 
ZZ 


reefer fefepebel 


nit 





Fia. 1.—Simple form of endosmotic cell. 


difficult. Itis probable, however, that . 


ee i a certian, 


5 


ous sorts of slimes and pectoid substances, which for obvious reasons 
are difficult, if not impossible, to filter. In our experiments, definite 
weights of the rock powders are slimed with a measured quantity of 
water, and the slime placed inside an ordinary unglazed porcelain cup 
such as is used for certain common types of bell batteries. An ordinary 
are-light carbon is now inserted and the porcelain cup set down inside 
a glass cylindrical vessel containing distilled water to the depth of 2 or 
3 centimeters. Another carbon electrode is then inserted in the outside 
compartment. This simple piece of apparatus is illustrated in cross 
section in figure 1. The cell isnow connected with a direct current of | 
about 110 volts, the inner or slime chamber being in connection with 
the positive pole. 

Under the action of electrical endosmosis all the liquid from the 
anode or slime chamber passes into the cathode chamber, while at the 
same time, owing to electrolysis, the free alkali passes out in a condi- 
tion in which it can be easily titrated or otherwise estimated. In the 
course of a few hours the slime has been transformed into a hard, com- 
paratively dry cake, while the free alkali has been partially removed. 
The alkaline liquor in the cathode chamber is now poured out into a 
beaker and titrated with tenth normal acid. After resliming the mate- 
rial in the anode chamber with the proper quantity of water, the appa- 
ratus is started again. With the conditions under which we were 
working it was found that about one hour sufficed for each run, and a 
series of runs was made, the results of which are shown in Table IV. 

TABLE IV.—Electrolysis of orthoclase. 
No. 1242. 
FIRST ELECTROLYSIS. 





























Length N/10 KOH _ baa? Length N/10 KOH pe aaes 
of runs. rey is per 100 |/of runs. Pree eae per 100 
: ; grams. ‘ ; grams. 
Min. ce. Gram. Gram. Min. ce. Gram. Gram. 
60 11.10 0.06216 0.03108 60 0.35 0.00196 0.00098 
60 10.20 .05712 .02856 60 .30 .00196 .00098 
60 7.80 .04364 .02182 60 .00 .00280 .00140 
60 6.60 .03696 .01848 60 .40 .00224 .00112 
60 3.90 .02184 .01092 60 .05 .00028 .00014 
60 3.30 .01848 .00924 60 20 .00140 .00070 
60 3.70 .02072 .010386 (8) .30 .00168 .00084 
60 2.70 .01512 .00756 75 .80 .00448 .00224 
60 2.40 .01344 .00672 60 .20 .00112 .00056 
60 2.00 .01120 .00560 60 AAG .00084 .00042 
60 1.40 .00784 .00892 aD 20 .00112 .00056 
60 1.00 _ .00560 .00280 70 .10 .00056 .00028 
60 1.20 .00672 .00336 63 .05 .00028 .00014 
60 ay fs) .00420 .00210 60 .05 .00028 .00014 
60 60 | .00886 | .00168 |) otal! 62.90 | .35220 | .17610_ 
60 .50 .00280 .00140 


























aOver Sunday. 
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SECOND ELECTROLYSIS. 
KOH ex- KOH ex- 
Length Bek, see _ | tracted || Length Be tai tracted 
of runs.) ;3} 3 ene per 100 |{of runs. re es ie per 100 
axken. ; grams. : grams. 
Min. ce, Gram. Gram. Min. cc. Gram. Gram. 
60 abs .0) 0.07448 | 0.04698 60 0.80 0.00448 0.00277 
60 15.00 .08400 .05185 60 .30 -00168 .00104 
60 13.00 .07280 -04494 60 At) .00112 .00069 
60 8.50 , 04760 .02938 60 .20 .00112 -00069 
57 5.80 .03248 .02005 (#) 1.50 .00840 -00519 
60 4.10 | .02296 | .01417 || motal_| 67.10 | .37576 | .23196 
75 4.40 .02464 -01521 
a Over night. 
THIRD ELECTROLYSIS. 
= KOH ex- - KOH ex- 
Length| N10 | KOH | tracted || Length] pv? eee tracted 
of runs. pts re per 100 |/ofruns. eer jont per 100 
: ; grams. , ; grams. 
Min. cc. Gram. Gram. Min. Cc: Gram. Gram. 
60 6.50 0.03640 0.02459 60 1.40 0.00784 0.00530 
60 17.00 .09520 .06432 60 1.65 .00924 .00624 
60 17.50 .09800 .06622 62 1.00 -00560 .00378 
60 15.50 .08680 .05865 60 .90 .00504 .00341 
58 11.60 .06496 -04389 60 -70 .00392 .00265 
58 T1520 .06272 .04238 60 .70 .00392 .00265 
58 10.70 .05992 .04049 60 .80 .00448 .003038 
60 7.80 .04368 .02951 60 .60 .00336 .00227 
60 5.50 .03080 .02081 (8) .70 .00392 .00265 
60 3.50 .01960 .01324 60 .70 .00392 -00265 
60 2.30 .01288 -00870 60 PS, .00140 .00095 
60 2.30 .01288 .00870 62 pis .00140 .00095 
60 ae .01176 .00795 60 .10 .00056 00038 
60 ero .00980 .00662 (8) 2.10 .01176 .00795 
60 1,80.) <,01008° | .00681, |! “rotal:|180.80°'| 72968. eaeane 
63 1.40 .00784 .00530 
& Over night. 
No. 1300. 
FIRST ELECTROLYSIS. 
s KOH ex- KOH ex- 
Length ae aaa tracted ||Length eee lias tracted 
of runs. nantes! ache per 100 |\ofruns. ey vent per 100 
: P grams. 5 : grams. 
Min. ce. Gram. Gram. Min. ce. Gram. Gram. 
60 14.00 0.07840 0.03920 58 alO 0.00616 0.00308 
60 10.50 .05880 .02940 60 1.60 .00899 -00449 
60 6.10 .03416 .01708 60 .70 .00392 .00196 
60 5.10 .02856 .01428 60 .60 .00336 .00168 
60 4.40 .02464 .01232 57 .50 .00280 .00140 
60 4.40 .02464 .01232 60 oD. .00196 .00098 
60 2 80h .01568 .00784 60 .20 .00112 .00056 
60 | 2-70 | .01512 | .00756 || potal_| 58.85 | .32679 | .16339 
60 1.80 .01008 -00504 
60 1.50 .00840 .00420 
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SECOND ELECTROLYSIS. 

























































































KOH ex- KOH ex- 
Length ts ora tracted ||Length cole KOH _ | tracted 
of runs. 7m, deo font per 100 |jof runs. atten See a | per 100 
; ; grams. : ' grams. 
Min. ce. Gram. Gram. Min. ce. Gram. Gram. 
60 11.40 0.063884 0.03395 64 0.45 0.00252 0.00184 
60 13.50 .07560 04021 68 .30 00168 .00089 
60 18.30 . 10248 .05451 60 Way .00140 .00074 
60 9.90 .05544 .02949 60 65 003864 .00194 
60 4.50 .02520 .01340 62 AnD, 00196 00104 
60 2.40 01344 00715 64 .00 00000 00000 
60 2.30 .01288 00685 (4) LG , 02856 .01519 
Set | ORO | otal.) 71.95.| 40292) 21480 
60 .70 .00392 .00209 
60 .65 .00364 .00194 
; ®Over Sunday. 
THIRD ELECTROLYSIS. 
= KOH ex- s KOH ex- 
Length ee: ee tracted || Length BAN t eee tracted 
of runs. ten Sat per 100 |/of runs. ey Paes cant per 100 
: 4 grams. ee ; grams. 
Min. ce. Gram. Gram. Min. ce. Gram. Gram. 
60 35.00 0.19600 ORL 7 60 0.80 0.00168 0.00095 
60 11.90 .06664 .03786 63 .00 .00000 .00000 
60 2.80 .01568 .00891 248 .90 .00504 .00286 
62 1.80 .01008 .005738 (#) 4.40 .02464 .01398 
f » any O08E2 00228. rotal.| 68.20 | .32592'| 18516 
i ‘ 60 .40 .00224 .00127 





® Over night. 


The results are seen to better advantage when plotted, as in figure 2. 
It will be seen that the amount of alkali extracted by each run falls off 
iy rapidly until it practically reaches zero. The amount of current pass- 
ing was approximately about 0.05 of an ampere when the voltage was 
~ about 120. Another sample of orthoclase from an entirely different 
locality gave a very similar result, as is shown in another curve in figure 3. 
ta Since it is quite possible by this method to extract practically all the 
free alkali which is contained in the slime, it is apparent that a regrind- 
‘ing of the orthoclase and reelectrolysis will prove whether or not the 
alkali existed originally free in the orthoclase sample. In order to put 
this point to the test, the orthoclase charge which had been electrolyzed 
to the end of the yield of free alkali was reground for several hours in a 
porcelain pebble mill. It was then slimed again with water and reelec- 
trolyzed. The resulis which are shown on two of the curves in both 
figures 2 and 3 are conclusive as to the fact that the alkali which is 
_ obtained is set free by the immediate action of water and is not origi- 
_ nally a free constituent of the rock powder. 

f The writer has contended in a number of publications that when most 
rock powders are acted on by water, only a portion of the soluble alka- 
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line bases set free pass into solution, owing to absorption by the pectoids 
which are also products of the decomposition. A mass of evidence of 
various sorts has been collected to support this view. This has a wide 
practical bearing, as it explains why the larger proportions of the bases 
are conserved during the natural process of rock disintegration, instead 
of being leached out and washed away. The results given above furnish 
additional proof of the truth of this contention. The fact that the 
actual amount of alkali extracted by the second electrolysis is larger 
than that extracted by the first is probably due to the increased surface 
effect resulting from the finer grinding. The equilibrium between the 
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Fig, 2.—Curves showing three electrolyses of orthoclase sample No. 1242. 


absorbent effect of the pectoids and the solvent effect of water requires 
further investigation. Orthoclase powder simply leached with water as 
is shown in Table I yielded only 0.024 per cent of soluble alkali, whereas 
by endosmosis it was possible to obtain 0.16 per cent. It is impossible 
to avoid the conclusion that the difference of about 0.15 per cent rep- 
resents alkali absorbed by the pectoid aluminum silicate which the 
microscope reveals existing as cloggy films upon and among the rock par- 
ticles when the action has been accentuated by wet grinding. Further- 
more, the quantity of free alkali extracted by the action of electrolysis 
and endosmosis agrees sufficiently well with the quantity that is extracted 
from wet orthoclase by treatment with ammonium chloride. 


9 






Bredig and Schwerin! have lately called attention to the value of the 
application of the principles of electrical endosmosis to certain prac- 
tical problems. The phenomenon was first studied by Wiedemann * 
in 1852, and it was shown that the power with which a galvanic 
current will drive a given liquid through a porous diaphragm of given 
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Fig. 3.—Curves showing three electrolyses of orthoclase sample No. 1300. 


























area @ in the direction of the negative pole depends directly upon the 
hydrostatic pressure developed in the difference of level h, the intensity 
of the current J, the specific resistance of the liquid m, the thickness 





1Z7tschr. Angew. Chem., 1903, 16, 581. 
2 Ann. Phys. (Poggendorff), 1852, 87, 350, 
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of the porous wall d, and inversely upon the area of the diaphragm. 
From these facts the following formula was derived : 


P=h=k — 
Q 
The particular interest of this formula for the work in hand is that it 
seems to offer a possible method for studying quantitatively the relative 
amount of decomposition which takes place in various rock powders 
under the action of water. 


Aside from its quantitative possibilities, electrical endosmosis offers 


so efficient a method for separating not only water but also acids or 
alkahes from slimy, colloidal, and otherwise unfilterable mixtures, that 
it is very surprising that it has not found a standard place both in the 
laboratory and in technical practice. 

The question whether by this method, 1. e., successive grindings of 
orthoclase with removal of the alkaline decomposition products by elec- 
trical endosmosis, the kaolinization of orthoclase and other rock pow- 
ders can be carried on in the laboratory to the completion ofthe reac- 


tion as it undoubtedly is in nature, remains a field for future study. 


There would seem to be little doubt that it can be done. In any case, 
the present line of inquiry seems to offer an interesting and novel method 
for studying rock decomposition. 

These investigations, of which this paper contains but a preliminary 
account, are being carried on and will be presented in detail at some 
future time. 
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PUBLIC ROADS OF THE STATE OF WASHINGTON: MILEAGE AND 
EXPENDITURES IN 1904.! 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 31,998 miles 
of public roads in the State of Washington, of which 1,928 miles were 
surfaced with gravel and 48 miles with stone. It will be seen from 
these figures that about 6 per cent of the roads have been improved. 
By comparing the total road mileage with the area of the State, it 
appears that there was about forty- eight hundredths of a mile of public 
road per square mile of arege A cogh parison of mileage with popula- 
tion shows that there wast unagle of ral, te, every 16 inhabitants, but 
only 1 mile of i improveg toad to every 262 jubabitants. 


ages, 0 OF” evi 
The funds used in the ¢ Le 








au ion and repaint Miabads are derived 
from two sources—a property ta; ead a pow, tax. The property tax is 
levied by the Boards of County Sent and consists of— 

1. A “ general road and bridge ta aX" oftnot rybre, than 4 mills on the 
dollar on all the taxable property in the. county. 

9. A ‘road district tax’’ of not more “than 10 ate on the dollar on 
all the taxable property in the road districts outside the limits of incor- 
porated cities or towns. 

3. A special levy for turnpike roads of not to exceed 4 mills on the 
dollar on all property abutting on or within 2 miles of the road to be 
improved. 

Every male inhabitant living outside the limits of incorporated cities 
and towns, between the ages of 21 and 50 (unless by law exempt), is 
required to pay an annual poll tax of $2 for road purposes. From the 
majority of the reports received it would appear that this tax in 1904 


operated toa large extent as a statute labor law, since in many. instances 








1 This leaflet is one of a series issued te the Office of Public Ronan in w hice 
road statistics are given by States. As scarcely any reliable information of this 
kind has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by thé Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the publie- -road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and they will form a valuable basis for 
comparisons and for future work of this kind.—LOGAN WALLER PAGE, Director. 


the tax appears to have been paid in labor performed on the road instead 


Q 


ae) > 


of in cash; but in 1905 the legislature amended the law by requiring the 
poll tax to be paid in money. 


Mileage and expenditures in 1904, 





Miles of public roads. 


Funds collected and expended. 











Property tax. Poll tax. 
‘ E Total Sur- Sur- 
aaty) of all | faced | faced | Road Num- | amount sd eer 
publie | with with levy — |} amount of | Pe? Of | of tax at net fire 
roads. | gravel.| stone. | Tate tax. men '|” $2 per a.) an 
per subject oll 
$100. to tax. 2 
PAT Se eee eee 1,650 (a) (a) $1.14 $27 ,369.73 (b) (b) $27 ,369.73 
ASOD eee on ees 350 20 (a) .50 HeOls te 500 $1,000 Grol 
@hehaliswarctessl- 300 150 (a) .80 45,000.00 (b) (b) 45 ,000 .00 
Gielen Mien ae 328 (2) (2) 56 9,969 .87 (b) (b) 9,969 .87 
(HENNE hea! Saree eae oe 400 30 (@) | 1.60 34,647 .44 500 1,000 35,647 .44 
Glarke ee tie ss uek 500 60 (a) .90 38,612.07 2,500 5,000 43 ,612.07 
Columbpiaw eet oes 400 2 (a) aa\0) 20,000.00 (b) (b) 20,000.00 
Co Wwilltzetee eee 700 20 4 .80 28,107.00 1,500 3,000 31,107 .00 
DOUPIASs es oo wt eee 1,800 (2) (8) Shit Toes Bee 27 , 961.26 2,500 5,000 32,961.26 
METI Vite eee es 267 (4) (a) .70 8,202.83 450 900 9,102.83 
EAT 2 ae 500 (a) (a) 1.00 900 .00 400 800 1,700.00 
GapielGeee. tee) e 350 (a) (@) .50 13,000 .00 (b) (b) 13 ,000 .00 
HSV Ways tee a a 300 50 |- (8) .62 5,244 .64 433 866 6,110.64 
Peele OU seeee. see 800 60 (®) .40 6,060.00 1,400 2,800 8,800.00 
]kGh ay So. 7 be Sa 1,200 180 1 .90 258 , 848 .99 7,500 15,000 273.,848 .99 
Ueeihoaig a), hae ae ee 250 13 (a) .70 11,818.49 2,600 5,200 17,018.49 
Rattitnser kh gee ee 700 5 (a) .50 15,301.16 (b) (b) 15,301.16 - 
KAN GKItAG ete oe eee 1,000 2 (a) .85 24 , 242.21 1,200 2,400 26,642.21 
TOWVIS@ SD Lem ete eI To 740 44 3 .70 26,071.13 3,500 7,000 30; 07teis 
Ibshaysvouhay se cect: Bees eaters 3,000 (a) (®) con Bee let yl (b) (») 35,398 .12 
WMIASON seer See oe 300 150 (a) .90 9,430.30 700 1,400 10,830.30 
Olkawaveyeya oo eee Se 500 (®) (®) 50 8,735.00 (b) (b) 8,735.00 
Pa Cie Soret Se! 460 ily) (#) 1.00 22,000 .00 400 8 22,800.00 
ier Gere ea ee hy 6388 (a) Z .60 &4, 226.56 (b) (b) 84,226 .456 
Sate Matec re see ee. 165 20 (#) .40 5,098 .00 640 1,280 6,378 .00 
PCa Sipe eee ee 2 1,019 201 20 1.10 (0 ADD. OOo UU 7,000 71.,4D0200 
Sramaniaee. ose 25" is; (#) 13 .60 4,500.00 1,150 2,300 6,800.00 
Snohomish! senses s. 1,500 500 (a) 1.40 103), o010 57 4,000 8,000 MG623blnag 
SDOKANICH. os natere . 3,000 (a) 3 .62 79,396.00 (b) (b) 79,396.00 
SLGVENS pees see” 1,500 20 (a) .60 22,000.00 (b) (b) 22,000.00 
LETS COM. seen ee = 300 200 a) .90 24 , 830.57 1,000 2,000 26,830.57 
Wiabkia kum ss. 5 22) 2 104 25 (2) .70 1,593 .90 700 1,400 2,993 .90 
Walla Walla 22.) 20.2 1,200 4 Ds EDT. 51,000.00 1,500 3,000 54,000.00 
WihRtTeOmMuss ne al! 662 149 7 A 1s} 101,900.00 (b) (b) 101,900.00 
SVVURG Ieee ee a ee 3,500 iy 5 .40 46,290.00 5,000 10,000 56,290.00 
AGH Fo ban htt ae 1,500 1 (@) 30-.40 63 ,022 .05 2,041 4,082 67,104.05 
MOURA ae fe. oe 31,998 1,928 ASH « xe cere 1,344,842.19 | 45,614 91,228 |1,436,070.19 








2 No mileage reported. 















































b Number of men subject to poll tax not reported; amount of poll tax ineluded with property tax. 


AMOUNTS OF ROAD FUNDS. 


The amount derived from the property tax to be devoted to road 
improvement in 1904 was $1,344,842.19, and the amount of poll tax 


$91,228, the total revenue from both sources being $1,486,070.19. 


In 


comparing the total revenue with the total mileage of public roads 
and with the population of the State, it has been found that the funds 


collected and expended for road purposes amounted to $44.88 per mile 


of public road, or $2.77 per inhabitant. 


Approved: 


MauRIcE O. ELDRIDGE, Chief of Records. 


JAMES WILSON, Secretary of Agriculture. 


WASHINGTON, D. C., March 24, 1906. 
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United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 40. 


LOGAN!IWALLER PAGE, Director. 





PUBLIC ROADS OF ARIZONA: MILEAGE AND EXPENDITURES IN 1904. ; 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 5,987 miles 
of public roads in the Territory of Arizona, of which 216 miles were 
surfaced with gravel and 1 mile with stone. It will be seen from 
these figures that nearly 4 per cent of the roads have been improved. 
By comparing the total road mileage with the area of the Territory, it 
appears that there was about one-twentieth of a mile of public road 
per square mile of area. A comparison of mileage with population 
shows that there was 1 mile of road to every 20 inhabitants, but only 
1 mile of improved road to every 566 inhabitants. 


SOURCES OF REVENUE. 


The funds used in the construction and repair of roads are derived 
from two sources—a property tax and a labor tax. The rate of prop- 
erty taxation for road purposes does not exceed 25 cents on each $100 
of real and personal property in the county, except in counties of the 
first class, having road-fund warrants outstanding, where the rate may 
be increased to 50 cents on each $100 of taxable property. 

Every able-bodied male resident of the Territory, over 21 years and 
under 50 years of age, and not residing within the limits of an incorpo- 
rated town or city, is required annually to perform two days’ labor on 
the highways within his district or hire a substitute to perform it; or, 
in lieu of this labor, he may pay to the road overseer the sum of $2 for 
the improvement of the highways in the district. 





1 This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As scarcely any reliable information of this 
kind has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figure 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 


- roads have never been surveyed or measured, and in some instances careless 


methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparisons and for future work of this kind.—LOGAN WALLER PAGE, Director. 


2 


Mileage and expenditures in 1904. 


















































Miles of public roads. Expenditures in money and labor. 
Property tax. Labor tax. 
| Total Sur- Sur- 
County. of all faced | faced | Road Num- ‘Araoae Total prop- 
abile with with | leyy— f ber of ft t erty and 
Dp “| gravel| stone | rat Amount 0 men | 0°1,%4* &t! labor tax. 
roads. e tax $2 per 
(4). (8), per ; subject on 
$100. ito tax.) © POms 

PACA CNG eee a eee oe 2 400 NI ete as=u $0.10 $1,500.00 400 $800 $2,300.00 
MOCHISG 2 see ae ee 600 Sees Soe eee 10 7,000.00 4,000 8,000 15,000.00 
WOCOnNINO. 2 = 22.3 400 A oe ee .10 3,500.00 600 1,200 4,700.00 
Gila)? eee ee ee 260))402. 8 ees lke 21 Sa AD 3,000.00 1,500 3,000 6,000.00 
GPA ITA eh oe oe Se 250 aH elie: Bi te 25 9,800.00 5,500 11,000 20,800.00 
Maricopaie.s le: 900 34 iiaseray ell 22,509.01 2,000 4,000 26,559.01 
IMOHAVES2 22.2. -22..2 BDO: bets eer 2 |e PAS 3,057.09 750 1,500 4,557 .09 
Neve} Oe areas = eee 14 ee eee See 10 200 .00 300 600 800.00 
bing: eee Ree eee BOO noe aes es ae tee rp 5) 6,000.00 2,000 4,000 10,000.00 
Pingleeet et bey eh peer 400). 22 Least): ee pas) DAO RAL 450 900 3,443 .45 
SumtarOrugr eek. oe 150 y\|2 2-0 eee Sea 25 4,000.00 400 800 4,800.00 
iG Vil Dabs eee. BREE 800) She ee eee 22% 3,874.00 2,059 4,118 7,992.00 
Vaibotk 2 ee 635 125 1 25 557 .88 900 1,800 2,357.88 
SRO WE ot ee nee ed 5,987 216 8 Eh See Re Bea 67,591.48 | 20,859 41,718 109 ,809 .43 











a Where figures are not given in these columns, no mileage has been reported. 


AMOUNTS OF ROAD FUNDS. 


The amount derived from the property tax to be devoted to road 
improvement was $67,591.43 in 1904, and the value of the labor tax 
was $41,718, the total revenue from both sources being $109,309.48. 
By comparing the total revenue with the total mileage of public roads 
and with the population of the Territory, it is found that the funds 
collected and expended for road purposes amounted to $18.25 per mile 
of public road, or $0.89 per inhabitant. 


MAURICE O. ELDRIDGE, 


Chief of Records. 
Approved: 


JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 5, 1906. 
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United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 41. 


LOGAN WALLER PAGE, Director. 





PUBLIC ROADS OF ARKANSAS: MILEAGE AND EXPENDITURES IN 
1904.1 


. MILEAGE OF ROADS. 


The accompanying table shows that in)1904 there were 36,445 miles 
of public road in the State of Arkansas, of which 181'miles were surfaced 
with gravel and 55 miles with stone. It sill be seen from these figures 
that not quite seven-tenths of 1 per cent of the roads has been improved. 
By comparing the total road“ mileage. with, the area of: the State, it 
appears that there was a little“over two-thirds, of mile of public road 
per square mile of area. A comparison” of mileage with population 
shows that there was 1 mile of road to every 36 inhabitants, but only 
1 mile of improved road to every 5,557 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The funds used in the construction and repair of roads are derived 
from two sources—a property tax and a labor tax. The county court 
of any county which does not require the full constitutional limit of 5 
mills on the dollar for all purposes may levy a road tax on all the tax- 
able property in the county of not to exceed 3 mills on the dollar. 
Such tax, however, does not become operative until it has been approved 
by a majority of the electors of such county at the June election for 
_ State and county officers. It appears from the returns received that all 
_ the counties in the State except five availed themselves of the pro- 

visions of this law in 1904. 





1This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Nepartment. Every effort has been made to verify all figures 

_ given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 

’ comparisons and for future work of this kind.—LOGAN WALLER PAGE, Director. 


All able-bodied male residents of the State between the ages of 1 





and 45 years are required to work on the public highways within their 


respective townships not more than five days per annum; provided, 
however, that the county court, at its October term, may increase the 
days of work for the ensuing year to a number not greater than ten. 
lieu of this labor, each person may pay $1 for each day that he is 


required to work on the highways. 


Mileage and expenditures in 1904. 





Miles of public roads. 


Expenditures in money and labor. 











Property tax. Labor tax. 
| 
Sur- Sur- Number 
County. ee faced | faced | Road Num- Oe Value |Total prop- 
‘blic | With | with | levy— me , | ber of abor aq oftax | erty and 
La: gravel.| stone. | rate ee men | @uire at $1 | labor tax. 
: (a) (#) per OF TAK abl oct ae per 
$100. to tax. eachindis day. 
vidual. : 
S 2a 
ATKAnNSases. me 2 S00 Wee See ol ees $0.20 |$6,000.00 1,100 4 | $4,400 $10,400.00 
PSIG Via oe oes 8s GOO Sa ee ee OOM LL 213.87 3.000 4 | 12,000 23,218 .87 
Ibex bene ee A5O Vi Sh Veale as eee poO E4455 . OOM mania 2 44 Ae 8,955.00 
BelitON es. ses. © 12 000s as eee eee .30 |14,000.00 | 3,500 4 | 14,000 28,000.00 
BOONE ws 2c 200 (DD, ab a ae .20 | 5,450-.00 1,500 4 6,000 11,450.00 
Eo CV eee 250 (¢) DRE .380 | 7,750.00 1,916 4 7,664 15,414.00 
Calrounees) 5. DOO ee) a eae .80 | 5,400.00 800 4 3,200 8,600.00 
Carrollyee | 2. BOO eres ae eee .380 | 9,500.00 2,000 6 | 12,000 21,500.00 
Chicot ss seks 21) ee ee eee ee .20 | 4,953.90 1,500 4 6,000 10,953.90 
Claris wires L 780 60 eet ee .380 11,260.00 2,400 4 9,600 20,860.00 
(Ol hie as oe a eee OOO ps sures eae eee .30 {13,363.28 4,012 4 | 16,048 29,411.28 
Olepurnes 4-2 450 ese Set eee eee .30 | 3,500.00 900 4} 3,600 7,100.00 
Cleveland ____4_- DSF sh coe sl eee ah Mea a ae 1,800 10 | 18,000 18,000.00 
ColmmMbiaws sole 6025 £24 eee hee .30 | 9,600.00 2,400 4 9,600 19,200.00 
OOnw ay. 22.... 400% a5 28 =o Pee -OUN Ss 720.00 2,000 4 8,000 16,726.00 — 
Craighead____-__- 350 Dales eee .80 |20,000.00 1,500 4 6,000 26,000.00 
Orawtordves + 711 6 3 .380 |12,748.94 1,660 4 6,640 19,388 .94 
Crittenden _____- 200 We ae ie eee .20 | 9,397.00 2,500 5 | 12,500 21,897 .00 
Crosse flee 252 Sige es .80 | 8,000.00 | 2,100 5 | 10,500 18,500 .00 
Datlage: Sas SOO 2222 Yea eee .30 | 4,500.00 1,500 4 6,000 10,500.00 
Desh aes s.2. D7 Oe ees eee SOU a LUD sOO. 1,400 4 5,600 12,703 .56 
LTE Wa ee eee he 1,000 eae ae ae .380 | 9,000.00 8,500 4 | 14,000 23 ,000 .00 
Banikner..--.22- DDO eee es is FOO Wie Base ane 2,226 4 8,904 16,678.72 
Branklin’ 2-28). . hed ofa Re of ee ee Oe de ed .o0 | 8,466.00 2,400 4 9,600 18 ,066 .00 
MUIGOMo 2 oun a TD OM sae ae et .30 | 4,500.00 2,000 4 8,000 12,500.00 
Garlanguacs 2 est HOO Wate see ae eee eee +20 112,000.00 2,000 4 8,000 20,000.00 
Crantpesewus. ves 4/50 Wott eee le eee .30 | 2,850.00 1,000 4 4,000 6,850.00 
Greene 2.22. 683 D (ees oer’ .80 |12,000.00 2,500 4 | 10,000 22,000.00 
Hempstead ____- 10,00) Merce neeeetn ise ie ele |e Pe eyeoill ar de © Lee 3,500 4 | 14,000 14,000.00 
Hot Spring_____- HOO! 9 oan oi ee .30 | 6,000.00 2,500 4 | 10,000 ~16,000.00 
ELON sot toe BOQ eee eee eee .380 | 5,000.00 1,600 4 6,400 11,400.00 
Independence -__- 736 BES ae .80 |16,291.59 1,979 4 7,916 24,207 .59 
TraTrdyene 0.1.25) VOONECE eet eae .25 | 5,000.00 1,050 4 4,200 9,200.00 
WaCksOnse-ee- eo OQ) Ita ee anes .80 |14,000.00 2,000 4 8,000 22,000.00 | 
JEMCTSGI 2522S DO) | eens foe eee .30 |30,000.00 4,000 10 | 40,000 70,000.00 
JONNSOnNI se ty B00: Anse ee see £ .80 | 8,000.00 2,000 4 8,000 16,000 .00 
Lafayette _______ Pkt Ol pe RAE es Me .30 | 7,500.00 2,000 4 8,000 15,500.00 
Lawrence -____.- B00 eee 2 .80 |10,000.00 2,000 4 8,000 18,000.00 
ee ee uel oS 4 ADE) Ue 8 Sy eae .80 |10,001.00 2,100 3 6,300 16,301.00 
ISICON ee BLO rk eee ee 1008) (007 woo 1,300 4 5,200 10,817 .59 
Little River_.___- 289 pis aes Fe Ul ees Sees .380 | 7,345:00 2,000 4 8,000 15,345.00 
| Whack Ya ee oe ae ee S71 iS, ee ee ee .80 |10,300.00 3,000 4 | 12,000 22,300.00 
Eonoke:. sei ee BO tes RS eee See .80°|13,590.00 5,500 4 | 22,000 35,590.00 
Madison. op iss PT QO0 ST SaaS ae .80 | 6,000.00 2,000 4 8,000 14,000.00 
MArION secs s BOO ALS Ake Sir meee .380 | 6,150.00 1,800 4 7,200 13,350.00 
MM eri teas LOO Hie See See .20 | 9,000.00 870 4 3,480 12,480.00 
Mississippi ______ 162 ee ee ese eee .380 |10,094.87 2,000 5 | 10,000 20,094.87 
Monroe tere 200 5S OE eee .30 | 9,000.00 3,000 5 | 15,000 24,000.00 
Montgomery ___- S00 er Vee aie See .30 | 2,595.00 1,200 4 4,800 7,395.00 
NOVEUR, 220 SOG rere yt VS De eee es |e eee ees Bees 1,000 10 | 10,000 10,000.00 
Newton’ ..25.55. 2 750! a & Sica hi ee 2 ee 2,500 10 | 25,000 25,000.00 
OMaenitais 2. 500 20 Gi sene see .30 !11,324.18 2,000 4 8,000 19,324.18 


* Where figures are not given in these columns, no mileage has been reported. 























150 miles of gravel road reported, but this is probably an error. 
©175 miles of gravel road reported, but this is probably an error, 
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Mileage and expenditures in 1904—Continued. 
























































Miles of public roads. Expenditures in money and labor. 
Property tax. Labor tax. 
Sur- | Sur- Number 
County. ee faced | faced | Road Num- ce enae Value |Total prop- 
public dy ee levy Amount ber of |" ar a of tax} Orla ane 
roads. gravel.| stone. | rate men quire at $1 | labor tax. 
(@) (@) per | ° tX- | subject Stina per 
$100. to tax. eachindh day. 
vidual. 
i NE Ed eet Se $0.30 |$5,096.22 | 1,200 4 | $4,800 $9,896 .22 
i a id eae a ee .80 14,550.00 | 6,000 5 | 30,000 44,550.00 
ee een <a -- 1. on a ere oe .30 | 3,972.47 | 1,200 4 | 4,800 8,772.47 
Poinsett -.....-.- <a lle 223 es 5 |e .30 | 7,360.00 | 1,500 4} 6,000 18,360.00 
Se SY pee eee .30 | 7,722.00 | 2,000 4} 8,000 15,722.00 
Be —-ss--5----- ee oe ee he oe 9,000.00 | 2,000 4} 8,000 17,000.00 
Pivvigh 2 ——— ed eee ee ae .30 | 9,000.00 | 1,457 4 | °5,828 14,828.00 
Se 588 35 | 34 .30 [66,353.00 | 2,341 4 | 9,364 75,717 .00 
Randolph -_-__-- US Sees esis .30 | 7,000.00 | 3,500 3 | 10,500 17,500.00 
St. Francis _-___- DOOM bes eons Spec eee .80 |10,900.00 | 3,500 4 | 14,000 24 ,900 .00 
[i 300 Sh ERR foe .30 | 7,166.91 | 1,800 4 | 7,200 14,366.91 
oo a9 ol ie SS Pa a .30 | 5,400.00 | 1,200 5 | 6,000 11,400.00 
oo oe Fak 0G Shae a et Rea SOOF least e-9aniun a op 4 |} 4,220 6,362.93 
Sebastian -_-___- Riis cok. 4 .380 |25,000.00 | 3,500 4 | 14,000 39,000.00 
J DOOR ee Be Ses .30 | 8,500.00 | 1,509 4 | 6,000 14,500.00 
A, BOOT Pee ees (eae oe .30 | 2,125.74 | 2,400 4} 9,600 11,725.74 
2 sD] MA Bikes ae eee .30 | 2,750.00 | 1,150 4 | 4,600 7,350 .00 
i IL ltey 3p SEAS CES CR pales MA Maud AS sic a lg 2,800 4 | 11,200 11,200.00 
Van Buren -___-- ETN ep alien Fad ES oa -30 | 3,000.00 | 1,500 4 | 6,000 9,000.00 
Washington -___- Cab Fs) CER Ree are SE ence .30 |18,000.00 | 2,715 3} 8,145 26,145.00 
a BOS ta 255 vas 5 .80 118,182.12 | 3,875 4 | 15,500 28,682.12 
Weosh ti —— AS eee a he a en .80 | 6,453.91 1,400 5 7,000 13 453 .91 
Lb 846 9 1 .30 |10,932.00 | 2,200 4 | 8,800 19,732.00 
is Sa 36,445 181 So) Jen2 oa 224681, 988.80 (160/981 to 2.ceus 713,409 |1,895,342.80 
| 








® Where figures are not given in these columns, no mileage has been reported. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $681,933.80 in 1904; the cash value of the labor tax, estimated on 
the basis of $1 per day, was $713,409, making a total expenditure of 
$1,395,342.80. By comparing the total expenditure with the total mile- 
age of public road and with the population of the State, it is found that 
the funds collected and expended for road purposes, including the esti- 
mated cash value of the labor tax, amounted to $38.28 per mile of 


public road, or $1.06 per inhabitant. 


MAURICE O. ELDRIDGE, 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 2, 1906. 


O 


Chief of Records. 









United States Department of Agriculture, 


_ OFFICE OF PUBLIC ROADS—Circular No. 42. 
LOGAN WALLER PAGE, Director. 
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_ PUBLIC ROADS OF OREGON: ERAGE A AND EXPENDITURES IN 1904.! 
is MILEAGE |B ae ARABS: an 


The accompanying ble shows that if. 41904 there were 34,258 miles 
of public road in the State of Oregon, of) which 2,235 miles were surfaced 
with gravel, 209° niles” with 4 ‘stone, and. 145 3 niles with plank, making 
a total of 2,589 miles SR dmnpiowed fad. will be seen from these 
figures that about 74 per cent ef the” roads has been improved. By 
comparing the total road mileage with the-area of the State, it appears 
that there was about thirty-six hundredths of a mile of public road per 
square mile of area. A comparison of mileage with population shows 
that there was 1 mile of road to every 12 inhabitants, but only 1 mile 
of improved road to every 159 inhabitants. 


SOURCES OF REVENUE. 


The funds used in the construction and repair of roads are derived 
from two sources—a property tax and a poll tax. The rate of taxation 
on property for road purposes must not exceed 10 mills on the dollar, 
though road districts may levy an additional 10 mills for the purpose of 
making ‘special’? improvements. The levy for each county is made by 
its ‘county court or commissioners’ court,’”? and the rate of taxation 
varies in the different counties from 1 to 10 mills. Every male inhabitant 
between the ages of 21 and 50 (unless by law exempt) is required to 
pay an annual poll tax of $3 for road purposes. As a matter of fact, 
the poll tax operates to a large extent as a statute labor law, since in 
many instances the tax appears to have been paid in labor performed 
on the road instead of in cash. 








1 This leaflet is one of a series issued by the Office of Public Roads, in which 
road: statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
-appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparisons and for future work of this kmd.—LOGAN WALLER PAGE, Director. 
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Miles of public roads. 


Funds collected and expended. 


















































Property tax. Poll tax. 
Total Sur- Sur- 
County. Fall faced | faced | Road Num- | 4 Total prop- 
Li “ with with | levy— A tof | ber of pags erty and 
seas gravel.| stone.| rate sige tee 0 men are at) poll tax. 
= (8) (4) per ax subject pole 
$100. to tax. ; 

Bakerss ceseee 2s 1,000 [Dd a $0.60 $23,000.00 | 1,200 $3,600 | $26,600.00 
Banton Aes). 745 TOU ese .20-.60 9 , 223 .63 800 2,400 11,623 .63 
Glackamas--2--.. 2,987 b 140 113 00 48,000.00 | 38,825 9,975 57,975.00 
@lAtsOpiae. =e eee 250 15 OM eee. 31,867.00 | 1,500 4,500 36 ,367 .00 i 
Colm Dia apeee eens = 425 =o 2 .60 21,914.80 | 1,300 3,900 25,814.80 
Odo ee hee. EVOL Ud ee Be 10 1.00 41,378.06 | 1,543 4,629 | °46,007.06 
Orooke ee eee 750 Osea .20 6,000 .00 2,000 6,000 12,000.00 
(Gu Vee ee ee 150 LOW Se Bee mt) 2,250.00 250 750 3,000.00 
WOU aS see eee 2,000 40:*| Jae = 50 10,000.00 | 3,500 10,500 20,500.00 
Gilli sees as ace 1,296 ae mr .40 8,000 .00 1,286 3,858 11,858.00 
Grante: ee eee S004 ate seen peas S115} 10,610.00 1,000 3,000 13,610.00 
EL ATC Va eee 1,675 150 ese ne .25 7,950.00 825 2,475 10,425 .00 
PACKS ON eae sere toes. 800 400 4 .20 950455724) 000 4,500 133545. fe 4 
oOsephinese- eee 300 Ti 52 See eee .30 4 3865.22 690 2,070 6,435 .22 
Ag MAb eee eee 900 a eel ee mle) ADL 2eoS 600 1,800 Onp22.ce 
Wa kerae eee toe te 500 LOO UES 2 hai eae cs 12,500.00 600 1,800 14,300.00 
Wane eee we 2,800 HOO Waa eee .50 50,000.00 3,500 10,500 60,500.00 
Toncoin s 6 2. 2s es 400 West eee (4) (d 700 | - 2,100 2,100.00 
TaN et eee ee 2,600 200 4 .50 51,126.00 2, o02 7,056 58,182.00 : 
NaH CU Tee eee 500 Ao aa Se eee .50 10,119.40 500 1,500 11,619.40 x 
Manonies.-—- ess 2,800 100 21 silts: 15,562.40 4,000 12,000 27,562.40 
INEOET OW atone eee 560) Se. a re .20 4,861.00 659 nM? iP 6,838.00 
Vat NOM nesses 800 90 20 a2 128 ,376.00 (e) (e) 128 ,376.00 
IROL kareena re Sat 1,000 100: | == .20 8,292 .20 1,324 38,972 12,264 .20 
Set alee O00 Tae Pet ae .10 De edeoL 800 2,400 4,581.51 E 
UAanOOKe ss es eee 200 160) | sees 1.00 26,000.00 618 1,854 27 , 854.00 
RENAN NE Pee ee cae Se 1215 see ere .10 940 .00 2,500 7,500 8,440.00 : 
Oni emer see 2 ae] 653 18 | tA .B0 12,300.00 914 2,742 15,042.00 
VVillO Wa eee trees oo) 1,860 1 eee ee .20 3,800.00 1,200 3,600 7,400.00 
LWVKEISCOtsse -o eee 1,500 LOMEeessa ee .30 10,859.55 2,000 6,000 16,359.55 
Weashineton —222_ 7.” 1,600 ci UB pene el .10 45,000.00 4,000 12,000 57,000.00 ~ 
Wheeler terse BOO: SS. Se eal wes we .50 5, 233 .90 400 1,200 6,433 .90 
METH aH Wheel ae ee 750 64 30 .55 24 ,939 .30 1,500 4,500 29 ,439 .30 

OCA) eee ee 34,258 ROO PADS Ihe donee ae 649,717.97 | 48,856 146 ,658 796 375.97 


























4 Where figures are not given in these columns, no mileage has been reported. 
b Also 80 miles of plank road. 
¢ Also 40 miles of plank road. 
dNo tax levied for roads. 
€No poll tax levied. 

f Also 25 miles of plank road. 


The amount of road funds derived from the property tax was $649,- 
717.97 in 1904, and the amount of the poll tax was $146,658; the total 
revenue from both sources being $796,375.97. 
revenue with the total mileage of public roads and with the population 
of the State, it is found that the funds collected and expended for road . 
purposes amounted to $23.24 per mile of public road, or $1.92 per 


inhabitant. 


Approved: 


AMOUNTS 


JAMES WILSON, 
Secretary of Agriculture. 


OF ROAD FUNDS. 


WASHINGTON, D. C., April 7, 1906. 


> 


By comparing the total 


MAURICE O. ELDRIDGE, 
Chief of Records, 
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United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS—Circular No. 43. 
LOGAN ae, PAGE, Director. 
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PUBLIC ROADS OF IOWA: M uk iad IN 1904.! 
MERAGE OF “a 8us Sores Ti, 
The accompanying tabl ie that 441904 Nei nti i, 448 miles 
of public road in the Sta See this ge, 1,4@5 miles were 
surfaced with gravel, 293 wi ¥hybrick, Spel g@ with shells, 
making a total of 1,778 miles of i x hake wit be seen from 
these figures that about 1.7 per cent of the roathrhasBee ‘improved. By 
comparing the total road mileage with the area o t} State, it appears 
that there were 1.84 miles of public road per square mile of area. <A 
comparison of mileage with population shows that there was 1 mile of 
road to every 21 inhabitants, but only 1 mile of improved road to every 

1,255 inhabitants. 

TAXATION FOR ROAD PURPOSES. 


é 











There are two funds used in the construction and repair of roads— 
the county road fund and the general township fund. 

1. The county road fund is derived from a tax of not more than 1 
mill on the dollar on all taxable property in the county, including all 
taxable property in cities and incorporated towns. 

2. The township road fund is derived from a tax of not less than 1 
mill nor more than 4 mills on the dollar on all taxable property in the 
township. 

All able-bodied male residents of road districts between the ages of 
21 and 45 are required to perform annually two days’ labor upon the 
roads. From the majority of the reports received from the various 
counties, it appears that this labor is valued by the road officials at 
about $1.50 per day, which is the rate used in the table in calculating 
the cash value of the labor tax. 





v 

1 This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 


_ methods prevail in keeping records of the collection and expenditure of road 


funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and for future work of this kind.—LOGAN WALLER PAGE, Director. 
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Miles of public roads. 








Expenditures in money and labor. 















































Property tax. Labor tax. 
, Sur- Sur- Num- 
County. ee faced | faced | Road ber of | vame pias PIDT. 
. ith with levy— men erty an 
public | 7" y Amount of : of tax at 

roads. a a eat rate tax. subject) ¢7 50 per gee 

per to 2 dav 

$100. days’ y. 

labor. 
Cents. Dollars. Dollars Dollars. 

ING Tee ee oe it. 200 GIs 2: Ss SS eee 50 27,566.66 | 2,299 6,897 34,463 .66 
ISGENTOR BPS gees Sea 7204/5 eee |e a ae 19,062.00 1,887 5,661 24,723.00 
ATA A KeG oA . 5. ee 1; 000s. 2 lee ee 50 22,865.59 2,728 8,184 31,049.59 
Appanoose _-_...-.-- 714 |e S| cere 10 19,897.39 | 3,518 10,554 80,451.39 
PATICUITO Olle ee S80) ae hare Ee ee 30-40 20,880.66 3,200 9,600 30,480.66 
entolnee se ssee eee Vasc aD a tae BUS S| plied lal pate 30 26,475.00 | 3,611 10,833 37,308 .00 
Blackhawk __-_-_---- i Lvl kb Oe Sipceee da opel fen 40 25,218.83 8,700 26,100 51,318.83 
IBYOO SOV ty a a es 1,440 DOT | eee ee 50 85,000.00 | 3,100 9,300 44,300.00 
Bremer es . stee DO Wlaesae eee | eee 50 17,498.00 | 2,246 6,738 24 , 236.00 
buehunaniees. ee 1,184 100022 eee 2 10-40 24 ,627 .33 2,850 8,550 35,1 fies 
Buena. Vista’... 2... 1,040 5s | ere 50 25 ,000 .00 2,300 6,900 31,900.00 
Ibe See cat noe 1,329 093) (tee 473 32,083.13 2,583 7,749 39,832.13 
(OCMeveiohay 2 Meee, ee 12152 DO ala ees 40 24,000.00 1,828 5,484 29,484 .00 
CATO] eae nee! 950 1004 | et ae 10 22,471.00 4,000 12,000 34,471.00 
(OPAC) ks, conee ae eee Ev oe eee | see 40 27,200.00 1,285 3,855 31,055.00 
(Osa ie a aes ee 952 3 3 45 33,674 .94 2,366 7,098 40,772.94 
OELrOrGOrdOc...25.. 1,132 10 glee 380-40 39,362.06 1,484 4,452 43,814.06 
Whenrokeei 2.2 ese 980 D0 aise aee 50 36,000.00 | 2,300 6,900 42,900.00 
Chickasaw-.....------ 970 65 | ae 50 19,056.00 | 2,796 8,388 27,444.00 
OU wii oy Ri Bare ae 936i) - Peet Se see ee 40 17,941.46 177A Sole 23 , 254 .46 
(Olipinig |i wiite Ss Fal eiam eae 1,100 TOU tees Ges 30-40 21,238 .00 il eyi7 4,131 25,869 .00 
Glavtoniease.- oe LOO Lae eee m 37 23 , 333 .36 2,456 7,368 30,701.36 
GOlinGoriwecet soe E20) B47; 39 30-40 36,130.12 2,147 6,441 42 Oo Moale 
Crawioraeeen se: ess 1S O00 WN St oe 3: tee 40 42,785.41 | 2,875 8,625 51,410.41 
(DOWIE ee Se ee ee 854 eee ee 40 19,297 .00 1,642 +,926 24 , 223 .00 
DA VISvoseease Cece foo. LPO Opes ke oie cee ee: 40 12,003.05 800 2,400 14,403.05 
IDECATIITEss oe oe O60 a So nt eee oe 50 23,560.14 2,700 8,100 31,660.14 
Delaware -22)..)- 787 32 7 25-40 17 08300 1,590 4,770 21,803.51 
Des Moines _________- 900 +500) ees Say eee 26 22,786.61 1,500 4,500 27 , 286.61 
DICkincsOn sees. see 610 AQ | eas 50 15,101.80 1,026 3,078 18,179.80 
DUOHOUGse. 9... 0... 935 10 57 10 b31,744.25 | 4,209 12,627 44,371.25 
PUTO Gee i see 644 3 1 20 26,600.00 907 2,721 29,821.00 
WAV EULERee oe. a ee 1. DOO tte eee | ate eee 2 50 30,161.38 4,251 12,7538 42,914.38 
Gy Gees ee es 1,300 800 12 37 23,293.29 | 2,390 7,170 30,463 .29 
MPa niche sseoe sees 1152 15 30 40 25,081.00 | 2,826 6,978 32,059.00 
MEMO eer. fae SEO) 3 ee ee Pe I ee hee es 40 24 ,555 .82 2,489 7,467 382,022.82 
GreeCh Greece. 5-20 42 1,060 160 eae 50 9,000.00 | 1,100 3,300 12,300.00 
Gun Givqee es esa ee ae F000 alee aes Se are 45 23 ,087 .52 1,988 5, 964 29,051.52 
(Ut DTIGie ss oe ee 1,600 ‘LO: see 50 30,000.00 | 2,000 6,000 86,000.00 
arm ltOnsoeese. eee 1225 OF: | er ieer een 36 235387 .00 5) tos DTD 10,725 34,112.00 
HANCOCK sseu ee 934 AD jiceke tee 40 16,304.00 1,802 5,406 21,710.00 
Tay cing see ee D B00 Seale Peis ate 10 7,113.40 | 3,095 9,285 16,398.40 
UPS Oly ames we ee HOO: eee se eee 14 5,600.00 6,000 18,000 23 ,600 .00 
lake Sans phy a ees ae O04 Zee Sees eee 35 18,711.27 2,700 8,100 26,811.27 
HOWATCeee ete 8 $29 164 11 10-40 21,920.35 1,800 5,400 27 ,3820 .35 
EMU DO) tie ee a 720 D0: eres 40 20,752.98 1,800 5,400 26,152.98 
LS hg all ly Oy AS() Mies ueee | |e ane 35 € 27,000.00 800 2,400 29,400.00 
TOWitmemsten te eee. TOOS MEA tote Cb feces a eens 2,180.84 31272 9,816 11,946.84 
FLACK RON Me, 2b e 200 Wes Sees ae ay 50 23 , 263 .63 900 2,700 25 , 963 .63 
ENS oY Sy ee ae ORS taal ARO) Mie a whe 5 || eon 50 27,083.71 2,600 7,800 34,833.71 
Jefferson 2.2 ooh d 1145 as BE 45 16,764.79 2,370 7,110 23,874.79 
sOnNSOMe = VEYA ae ieee Pen, Whe 30 24,772.36 | 3,642 10,926 35,698 .36 
ASO RAY TS} BE aiy any es O48 Mines oie eer ee 40 17,617.00 1,680 5,040 22,657 .00 
154(cY a <0) eae a el A ee 1S OOO: aes aE ee 37 20,000.00 | 3,000 9,000 29,000 .00 
ISOSSUth eee pre Se 1,623 LO? | eeeees See 40 43,591.30 3,190 9,570 53,161.30 
ONE ate Se fT OOO = eens 13 35 28,650.00 | 2,090 6,270 84,920.00 
A eee eo eee deo 1,400 2 23 50 47 ,942 .62 7,044 21,1382 69,074.62 
NEOUS Bi em oe fetes aay he be G89 alee |S, ble ae 23,120.00 | 1,968 5,904 29 ,024 .00 
UIC H Be eee ee | cot 0 ee a he eee 50 13,900 .00 1,300 3,900 17,800.00 
TV OTe ears ee oe Ne 17200 0) 22 as Sa 50 25,000 .00 2,000 6,000 31,000.00 
IM ACISONy Se a4 ee 15200) Sade Petey ah Oy se 50 19,136.74 2,573 7,719 26 , 855.74 
VU SU ies Klee eet Une 1206 Seana oF 35 26,144.60 2,760 8,280 34,424.60 
WiarIONs es a teers) I 800" Ss Fos FER aren BL 18 ,363 .00 3,935 11,805 30,168.00 
LU et epee ae ree 1,150 don Pee aie, Sa 28,318.07 3,800 11,400 39,718 .07 
WRC yet Ts ee ie Sain TR] Nak eee ee) ee 50 26 ,068 .00 2 , 234 6,702 32,770.00 


® Where figures are not given in these columns, no mileage has been reported. 
> Of this amount, $17,175.25 was spent on bridges. 


¢ Of this amount, $12,000 was spent on bridges. 


4Two miles of brick road included in total. 
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Miles of public roads. Expenditures in money and labor. 
Property tax. Labor tax. 
Sur- Sur- Num- 
County. aot faced faced Road ber of Val Total prop- 
public panel ae levy— | amount of |.™°",| of casa Aaa one 
| roads. (2) (a) coe tax. Raps ee per wand 
! $100. days’ ay. 
labor 
; 

; Cents. Dollars. Dollars. | Dollars. 
Mainieme tle etek SOOT esos | eS 25-40 17,454 .02 1,284 3,852 21,306.02 
iesioniee ss 2... Led0O Mp eseeee Seer  & 30-40 21,500.00 | 2,450 Heal, 28,850.00 
BEOnTOCm— 22... SOd glee te ee ee 50 20,538.96 | 3,801 11,403 81,941.96 
Montgomery__-___-___- SOUk | apse en eae or 50 22,555.04 1,465 4,395 26, 950 .04 
MUusSGAtINe —.-._...__- BUM ar ee eers ets * 40 20,950.00 1,653 4,959 25,909.00 
MRIs INO eee A OS 2 ee eee cle aes 30-40 17,353.96 1,200 3,600 20,953 .96 
UEeet hs) a PASO YN Ehs, 2) ees ie tae aes 20-50 20,134.00 1,196 3,588 23,722.00 
[eg \fe OO Sills eames |) ee Se 40 24,963 .00 1,800 5,400 30,363 .00 
eAIOPAILO! es. =. 904 DIS tate Sst Oo 50 € 34,059 .44 1,815 5,445 39,504.44 
[EAR ATe (ab (rl oy AO) ee Sees ness eke 30-50 25 ,645 .00 1,180 3,540 29,185.00 
iEocanontas,..-__--..- LSU los: blake ae ye aN es ee a 88 18,847.91 2,080 6,240 20,087.91 
Ecler 987 LS Re ees oO: 24 ,814 .23 2,675 8,025 82,8389 .28 
Pottawattamie _____- biG OT Dl "ey a ey RR a 40 14,9538 .51 6,200 18,600 33, 000701 
Poweshiek ___________ PHOS a= ae oc fe Movs 50 39,797 .00 2,797 8,391 48,188.00 
inilersnte ts 2) AL f1RSV RA Peoples he? SMM ete 50 18,505.70 2,050 6,150 24,655.70 
SEYe). 2a ee, | ee ae 40 19,111.26 2,196 6,588 25 ,699 .26 
S(O i 4 ee Gebiligee! 8 ae 91 37 82,079.46 2,414 7,242 39,321.46 
SMebitn 2 SSO Dia eee gee oll ae ort 10 23,457 .69 1,360 4,080 27 ,537 .69 
SLO | Ad ghee 30 26,000.00 2712 8,136 34,136.00 
SOL? . 576 OG eee 50 460,000.00 | 38,000 9,000 69,000.00 
ATID Oem Ae DOOM esse nee els 40 84,351.00 | 2,948 8,829 43,180.00 
MOO) ee OOOT ewe eee 50 25 , 885 .44 4,269 12,888 38,773 .44 
Cia. i OOO ere ae 40 PS PA Pn ooo 6,771 80,848 .27 
Mevieistiren= == __. - OTD ee tee oo 50 15,900.00 1,600 4,800 20,700.00 
\Whhitallh) 225 IPARY || eye cet Oe apna 20-50 24,967.65 | 8,871 26,613 51,580 .65 
Witrreniwe : oo. ASO lee Set Bo Ae 40 38 ,421.78 2,881 8,643 47 ,064.78 
Washington _._...._- OOO Tame eter, ee eee! 45 28,073.89 2,769 8,307 36,380.89 
"ini SOOM Maen eer tre: 10 4,929.05 | 4,353 18 059 17,988 .05 
BWEDSbens 2222] {OLN aoe oa ee eee 40 27 989.75 2,007 6,021 33,960.75 
Winnebago ___-______ Fhe Pd sce bala lhc Lh ll Oa 50 16,821.65 1,805 5,415 22, 236..65 
Winneshiek _________- 1,019 23 5 30-40 16,680.38 1,859 Deona PDP) BXe 
WVOOdDUTY—.._.._.._- Leal 19% (eee ee ree 20-40 8,828 .57 ie by; 3,471 12,299 .57 
\WiVere 1 Gis | Pae e  ee ees 45 14,490.64 1,100 3,300 17,790.64 
SWVietS| 6) al oe Jc Ta Well aceehe te 2 Sek] bldg ea 40 20 , 246 .28 2,386 7,158 27,404 .28 

cia eile. = 102,448 1,465 AS i las Veeel! 2,344,106.50 |254,140 762,501 |3,106,607.50 








a Where figures are not given in these columns, no mileage has been reported. 
b Twelve miles of brick road and 6 miles of shell included in total. 

¢ Of this amount, $15,488.43 was spent on bridges. 

d About one-third of this amount spent on bridges. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $2,344,106.50 in 1904. The cash value of the labor tax, estimated 
on the basis of $1.50 per day, was $762,501, making a total expenditure 
of $3,106,607.50. By comparing the total expenditure with the total 
mileage of public road and with the population of the State, it is found 
that the funds collected and expended for road purposes, including the 
estimated cash value of the labor tax, amounted to $30.32 per mile of 


public road, or $1.39 per inhabitant. 
MavRICE O. ELDRIDGE, 


Approved - Chief of Records. 


JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 12, 1906. 
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PUBLIC ROADS OF PaO IN TAS MILEAGE AND EXPENDITURES IN 1904.! 


fs 


- EHX, he 


MILEAGE OF: ROADS... 


The accompanying table eh wa that in dort ie were 51,812 miles 
of public road in the State of. Virginia. Of. this’ mileage, 720 miles 
were surfaced with gravel," Tai mifles with stone, ‘100 miles with shells, 
and 25 miles with slag, making. 3H call. 1, 600° miles of: ‘improved road. 
It will be seen from these figures thet, betit 3. per “dent ‘of the roads has 
been improved. By comparing the totak road mileage with the area of 
the State, it appears that there was 1.29. miles of public road per 
square mile of area. A comparison of mileage’ with population shows 
that there was 1 mile of road to every 35 inhabitants, but only 1 mile 
of improved road to every 1,158 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The funds used in the construction and repair of roads are derived 





1. The county road tax is levied annually by the board of supervisors 
upon all the assessed real and personal property in the county. This tax 
must not exceed 40 cents upon every $100 worth of property. 

2. The district road tax is levied annually by the board of supervisors 
upon all the assessed real and personal property in the several magis- 
terial districts of the county and must not exceed 40 cents upon every 
$100 worth of property. The levy may vary, however, in different dis- 
tricts of the same county. 

Any county in the State may issue bonds for the purpose of macad- 
amizing or otherwise permanently improving the public roads. The 





1This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in. keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparisons and for future work of this kind.—LOGAN WALLER PAGE, Director. 
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question of issuing bonds is decided by the people at the polls. The 
interest and principal of the bonds are paid out of a special fund derived 
from an annual tax of not to exceed 20 cents on each $100 worth of 
property within the county. There was only one county in the State 
which expended any money under the provision of this law in 1904. 
The statute labor system which required all able-bodied male resi- 
dents of the State between 18 and 60 years of age living outside the 
limits of a town or city to work two days annually on the public roads 


was abolished in 1904. 
table regarding the statute labor tax. 


Mileage and expenditures in 1904. 





For this reason no information is given in the 











Miles of publie roads. Property tax. 
r Sur- Sur- | Road 
County. Total | faced | faced | levy— 
of all ; = Total 
public with with rate amount 
roads gravel.| stone. per ‘ 
er) (8) $100. 
Cents. | Dollars. 
ENCE OUND Clee eee ee fo. Se oo Sn ao eee eee ee DDO! | eae eee eee 20 11,000.00 
ANIVSyes enon CY 2 Ba el ino eae 2 Be oe Hee By is Sen bh eee ee 700 25 50 20 20,000.00 
PIG SAN UTI A oe Se oe TS. oe Cerne eee eee ee ere 100 40 5, 50 23 , 274.65 
ATG GIy hor ee 8 oe hoc eon ae aa ene eee gee D300 ss 2nae a ee 50 10,000.00 
JST ANC RS Eke eee a EAE Aas Teer he) Ra tae SLi te S00: || 236 SE eee 12 3, 280 ae. 
ANTCON SCENE RS Sp eA ee ee NED coer de Ri 8 See Lg Ae 000 +|k 2a" 85 6,803.35 
PAT ONIUAULO X atte ce Sa tne eee a ee ae 5004: ee ee 20 2,600.00 
PRU CUNUG ES ote oe ct ba owt oe aoe Fee ee ese L200 Toe 38 17 | ©21,440.00 
dy al. = sees Slip ee eae re ee ed ene OS A ee Ge 300 4222. 2. |eos ee 20 4,000.00 
IBedtond = enol. 5) ee ee eee eee 1,500 | See eee eee 30 10,949.50 
VB3 Sa ee Se ee Seek Nae oe Ce NS De Se A SS 22h: | Sete At 40 3,000.00 
IBGLeLOUTt 2222 aor c eo ne SES oe eee eee 525 it-< so | eee 25 11,264.42 
IBIMING WICK i cue ese eto wn 2 ae ee 450 See eae 20 4,896.71 
Buchanan... pecs Se Ae ee eae eee 805: |U 2a bee eee 20 1,500.00 
PBUCKIT ON Ae oe cor oe ct oe ee era eee ee er 600 s.<e222%. | soe eee 20 | 2,700.00 
OF pon Cf evel | aes ree ORAS Bk AO Be oe kes A el OR Dist eee aa 5 25 9,500.00 
‘OR WECGil Ih aYs)<paeteeke tte gee OE RTO es, nig Uhh ae Se Se TOO). tee oes | ee 35 (O08 2786 
Carrolimes . eta e ee aS Se Pe eee eee nee 7.00): | 5 eee aS ee 30 2,200.00 
Gi arlesiOit yi et ee ee ere Cee 800 15: eee 30 2,000.00 
Oharlottere se) hog e® 3225 eee ee eee GOO sea Sees) ae 20 4,000.00 
WRECStOrMelG see ee cake eo Cae eee es ea ee, ee ee 500 te save oo 20 10,000.00 
Clarepeet tee ee Se SPS Ae OR ole eee ee ee eee 150} eee 45 15 4,497 .63 
Gra ois er? ee ee re ee eee 200) Zoe ae aa semen 20 2,000.00 
OUND ED Ce sree ee sets Sn ere Oo ee 6002 eee 10 20 7,500.00 
COMmbperland eos ose ee ee et en no ee 400s eee es es | ae ee 20 2,000.00 
Dickensonc..f. Seo ee eee ee ee 200” | 22222". || Coe ee 20 1,600.00 
UTA VLOG ue sree > ee te ae eager Uae ae en ee 500i 4 tee ase eee 20 2,039 .94 
NzZabethiCity seeks. Maree ee ee eer ee eer eer. 70) | 2 ee 12 5,500.00 
HEISEC, Gel 52 a Med SUCOINIE oe A oghtee Me prey rs WOME, Ah nah 200 jee ae Beet S 15 1,500.00 
QUEL xe en a ee eee een ae ete ee ee 600 30 70 25 18,500.00 
BAIT UICrt =]. sae eee Ae ey ae ee, AEs eee eee ee) HOO eee Ses 23 15 12,000.00 | 
PTO) With! ee tee ene ts eee ene Sate ae VE wat See | 50O2| 222252 eee 40 4,759.01 
AGIUPVeLINTL ch oes eee ee ee ee ee yt See Tes 250"|2- 22 20 2,183.16 
PEACE ees eke ot eee RES Ce, en ee 1000 Wee Sa ieee 30 8,000.00 
POGUE TUG Ic eee es Bee ee te ere ok er S00 S Saeeras d 70 15 © 7,567 .42 
ATA SAae (Saye Sear ee A oe Sr a eee es Pe ae 400) 3c. 22. 2) eee 25 5,300.00 
CIGUIGESTOT Eo cope oe ee ee CE re panes 200) eee is | eee eee 30 4,500.00 
GOOCH AT S= Piet 6 ee es ere rege pen nee a 800" | 2a ae 2 20 3,800.00 
CVAYSOD wp aneclc Zk dsb spot eee eee HOO" Wane 2 al one 40 5,334.65 
GTOGNG 2 cS se er eee ee 100: |e | eee 20 1,300.00 
Greenesvillen2tttcc. 220). a eee ase Pee DAB | ee ey 5: | ee eee 25 4,000.00 
Pia a. fat 2 SS Le ee en eee 13500 | no re ees 30 16,000.00 
PAN OVer a se 5 ee ee ee eee ee eed 600) | asaeees 1 30 10,000.00 
Henrico... 4 eu' go Se a eee ee eee 450 200; eee 15 25,619.39 
DONT Yo eae Sea ee ee one ee eee 686 |----- <0. 8,000 .00 
Highland } RAs cei ees Peer eee Zo Meese eee 5 20 2.772.060 
Pele OT Wieht = 2252) 2) ee ee ee ee DOOw Ses ae 10 2,308.00 


























® Where figures are not given in these columns, no mileage has been reported. 


b Includes 25 miles surfaced with slag. 


© Of this amount, $1,440 was spent by the Valley Turnpike Company. 


4Tneludes 40 miles maintained by toll. 


© Of this amount, $6,000 was derived from tolls. 
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Mileage and expenditures in 1904—Continued. 





County. 


Miles of public roads. 








James City 
King and Queen 
8 SA OER Es op 5 <a pg pa 
King William 
BEN. at ee a 
Lee 


IS aa opener es a 


Madison 
OLS SSUES os eis Ba 
Mecklenburg 
Middlesex 
Montgomery 
(9 LONI G00 e fe SE Rg 
Nelson 
EES ce eS ll 
Norfolk 
(ST VST 8 ILD SUD. 8 IR 
Northumberland 
MUTnnnN Hy Omer eee 
ATS a 


Pittsylvania 
Powhatan 
Prince Edward 
Prince George 
Princess Anne 
Prince William 
Pulaski 
Rappahannock 
Richmond 
Emeric Mee ee 
Rockbridge 
SSN <= 
EDEL sy ps El UI Se 
OS ee 


Smyth 
ies a i Tri seas 
Spottsylvania 
Stafford 

















Sur- Sur- | Road 
ee faced faced levy— 
public with with rate 
rdade gravel.| stone. per 

> te C8) (a) $100. 
Cents. 
BUS ( 0 = pan cere oS 20 
A0 Qi haees ese ee ee 35 
SOON oot ee ae eee f 30 
PAs Ry ees ae ewe ee 30 
hi paete eee ee eee 20 
200 see oe eee 33 
ODO el eeeee 70 40 
SOOMpee oe ee 20 
Ape te ON ays peek ree 20 
AO ik emeeeneree eee ee 20 
LOOM ee Seon! Ps eee 20 
690s ieee eee ee Dy 
DOO VR Saat 2 lle See 25 
400 Soe 32 25 
OOO Mise ee est ee eer 15 
AB ()alecee eee | ee eee 2 
PLS yal eee | |e oie 30 
PSE) eter mean eo piers 20 
LOO Wes fae eee 15 
DG: Wee eee ee 15 
501) we Soe eer ee 10 
ARO) Petes ere eae ee 25 
S00 Fes aaa 20 20 
POO ea tee eee ee 20 
35 OOO Atta stes eee ne a eee eee 
DOOM eens cele oes 20 
Fai BOA feat es hae Siem 10 10 
DOO eres Be oie ae 20 
ZOO g aeeers See eee ee DF 
OOO ieee let ener 15 
AQO) (Seeceaes 20 25 
PAN Oe | Seen he 40 30 
N50 [eae y= | 2 me Po 15 
555 ll eevee aac 19 15 
GOO saan eee 8 20 
W225 250 ad 65 ive Zen 
1,500 3 5 30 
TS 000TH PEee sitar ee 35 
893 144 34 D0=2 
350 4 30 30 
TOO Ul ashe ates eee ee ee eee 
ACI sees =e ol eerie 15 
SOOT ee Coen | Eee 20 
AO sees seca ee ee 15=20 
GOOD Peat os ee 15-20 
COO Bess <2 20 30 
SOO Sse: ees 8 30 
608 ee See 20 
SUQs es See ae ee 50 
PAST OS aad 2 ams on at Nios 2 hale 20 
THOU see es ee eee 20 
800 6 50 25 
OAS Oy reso eee | CA ym 25 
pl, 812 720 TOO Ik eee ee 

















Property tax. 


Total 
amount. 


Dollars. 
1,961.48 
3,350.00 
1,700.00 
So1S2220) 
2,000.00 
6,000.00 

18,000.00 

7,000.00 

2,500.00 

3,300.00 

1,550 .00 

7,191.59 

1,800.00 

6,482 .00 

1119). 54. 

6,000.00 

2, 223 .00 

5,000.00 

3,400.00 

2,666 .20 

e265 R00 
7,000.00 
5,000.00 
2, 20000 

£18 ,000.00 
2,200.00 
2,200.00 
4,256.38 
4,300.00 
4,651.17 
8,000.00 
3,000.00 
1,323.28 
7,500.00 

14,736.87 

€37 074.01 
8,000.00 
5,500.00 

£12, 200.00 
7,500.00 
5,000.00 
2,868.41 
2,300.00 
2,628 .65 
3,500.00 
3,000.00 
6,000.00 
3,000.00 

& 26,000.00 
1,610.23 
8,800.00 

10,900.00 
1,800.00 


687,751.06 


bo 








a Where figures are not given in these columns, no mileage has been reported. 


b Includes 100 miles surfaced with shells. 
¢ Paid out of general county fund. 
d All toll roads. 


€ Of this amount, $3.600 was derived from tolls. 
f Of this amount, $4,300 was derived from tolls. 
£ Of this amount, $11,000 was expended from bond issue. 


, AMOUNT OF ROAD FUNDS. 


The amount derived from the property tax and expended on roads 
was $687,751.06 in 1904. This sum included the money expended on 
toll roads by the various turnpike companies throughout the State. By 


comparing the total amount expended wit tl tota 
road and with the population of the Sta: re weat-kwie) a 
collected and expended for road purposes amenten A 


of public road, or $0.37 per inhabitant. eas 


ae? | MAURICE O. Etp RID 
| Chief of 1 





Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 16, 1906. 
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United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS— Circular No. 45. 


LOGAN WALLER PAGE, Director. 
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PUBLIC ROADS OF NORTH CARE 
SIN 1904.: Or 


hows that 44904 dens were 49°763 miles 


The accompanying table §f 

a ° ° . ° Cé 
of public road in the Staté the @arplina. t weileage, 438 
Sits ; xdures, 429 miles were 


ceP yt h stone, making a 
total of 1,259 miles of improved road. It will b riko f these figures 
that 24 per cent of the roads has been improved. By comparing the total 
road mileage with the area of the State, it appears that there was a lit- 
tle over 1 mile of public road per square mile of area. A comparison 
of mileage with population shows that there was 1 mile of road to 
every 38 inhabitants, but only 1 mile of improved road to every 1,504 
inhabitants. 


rie AND EXPENDITURES 
EPpy . 


MII, 








TAXATION FOR ROAD PURPOSES. 


The board of commissioners in each county, at its regular annual 
meeting on the first Monday in June, levies taxes for all county pur- 
poses, including the construction and maintenance of the public roads. 
The tax so levied for all county purposes must not be more than double 
the amount raised for State purposes, except for special reasons and 
with the approval of the general assembly. Under the foregoing limi- 
tation, the amount levied for public roads and expended for this pur- 
pose each year is left entirely to the board of county commissioners. 
There were 40 counties in the State from which no reports were received 
regarding cash road levies or expenditures. It is assumed, therefore, 
that these counties did not levy a cash road tax in 1904. 


PO FT SO ae CO Ee ae ee ee 


a bat a 





1 This leaflet is one of a series issued by the Office of Public Roads, in which 

road statistics are given by States. As little reliable information of this kind 

~ has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 

the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 

; ships, counties, and States may have been reported twice in some cases. Many 
7 roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and for future work of this kind.—LOGAN WALLER PAGE, Director. 
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All able-bodied male residents of the State between the ages of 18 
and 45 years (between the ages of 21 and 45 years in Columbus and 
Tyrrell counties) are required to work on the public roads not to exceed 
six days annually, except where repairs are necessitated by damage 
resulting from storms, except also that in all counties west of the Blue 
Ridge Mountains ten days may be the limit required instead of six. 
The reports received indicate that there were 10 counties in the State 


in which no statute labor tax was levied in 1904. 


In these counties, - 


however, convict labor was used in constructing and maintaining the 


















































roads. 
Mileage and expenditures in 1904. 
Miles of public Expenditures in money and labor. £ 
roads. 5 
5 
& rc) Ss. | ¢ | Property tax. Labor tax. S 
re) q oO o a 
= aS: a iB D ¢ ~ te Zt — wy 
Pa SS hee te 2 eee oe eee a= 
County. =4{(28 a pom es y g 4 | Se S| 8 = 28 
eeleRisls|is| 3 Sone S| a aS 
a |e. Eu Bees oa So [Hose] Se = ° 
° g oF S 2S |ORSD| Bo oe 94 SS 
Se | ao/ da} © rs i eee Os a 
Dp| oO 5) = ¢, ~ ies) 4 B.4| He nM) an 
Ogl O Oo cob) =I 25 (OR a! OF 
cop AT sie eat 0 e Fe |Faos|s = s 
Ce eo aie 5 53 |55a0/'8 = = 
a D Mm) wm | < Zz A e > ‘S 
ALATINANCC ate ose 540|____|____] 10)$0.166/$12,996.47| 3,085 3/$0.75| $6,941.25} $19,937.72 
Alexander 222252. BOO | Rees eR Cea ee eee 1,500 6; 1.00; 9,000.00 9,000 .00 
Aerhanye: oo. 2GO i ee ae a ere 1,100 8| .75| 6,600.00 6,600.00 
IATISO Tweet 2 2 eee Ba HOO | Se5e weld ae Oe a 6 516.30 500 6h 375) 225250200 8,766.30 
ASH CW ee GOO) 2s ee eee LO 2,900.00} 1,000 8} .75| 6,000.00 8,900.00 
IBGautOriaw ss se) - = 350) 2223 Ai: Se Pee Oe | Sees Se 3,500 6| .75| 15,750.00} 15,750.00 
IBeroeweee so et COO | eee | cere |e eee 2,500 6) 1,00} 15,000.00} 15,000.00 
Bladen ees oto 22s Bas DSO ey RR S| Ee | a ae eres 2,000 6} 1.00} 12,000.00} 12,000.00 
IBVUNS WiGk 2-20. oo. S00 jz ected cl eee en | ie eee a 800 4| 1.00} 38,200.00} 3,200.00 
IBUNeGOmpeea 2s. e 100) Seale SH es 1b e120. 00080015400 4} 1.00} 5,600.00} 25,600.00 
Tor Kemer cr. Soo)eoas 2 Al LOTS 5,000.00} 1,648 6| 1.00} 9,858.00} 14,858.00 
Cabarrus 22. 2S srs! So2 esate Ole L225 ae. 064206 eee O00 4; .75| 4,500.00) 20,564.06 
Galdwelle ssc... 1200 |S. ee | es eee 5 ee eee 2,500 6| .75] 11,250.00} 11,250.00 
Gamcdensees: 05. Fes 200222) ee Pal ee da eee ee 800 6| 275] . 3,600206 3,600 .00 
CATCCTCh ee soo C150 |< cee ares ale ae | Seer all re 500 3} 1.00} 1,500.00 1,500.00 
Caswell sss ey HOO (Se Se ea | ee. ees Pee 1,250 6) 275)" 5625200 5,625.00 
Waa Ww Paes ses. 400) 22.2 oe a | eee eee 3,000 6} 1.00} 18,000.00} 18,000.00 
Ghathame <5 92 AQO Ee 25 Sees ee 10 6,000.00} 3,000 4} .75} 9,000.00} 15,000.00 
Cherokee ______-___- 400/22 shes sl See 10 3,500.00} 2,000 6} 1.00} 12,000.00} 15,500.00 
CHOWAN ss 0ac5 s20 te TAO Le ee 2) 8,600.00 800 6} 1.00} 4,800.00 8,400.00 
OMe opp eae eee 150 Se26 eee Bete 20 1,600.00 800 6| .75| 8,600.00 5,200.00 
Olevelandsees22-. 22 G50) Re SoS Ps eee ieee a 4,000 6| 1.00} 24,000.00} 24,000.00 
ColimpuUses. seo. E00 eee eee es .10 6,439.00} 3,395 6| 1.00] 20,370.00} 26,809.00 
Gravente es 250 2 see tN fee eee ee os SR 150 Clean 675.00 675 .00 
Cumberland _______- D00| PE 45s eee) fee eae 5; 000.J00)| 20. 2S. te) 22 Se 5,000.00 
C@urrituck 2-5 ..---- 14 Qe S| 50) eal = ee 8 |e eee 1,000 6| .75| 4,500.00} 4,500.00 
Davee, Sean eck: Le OOO (S24 its 2055 Se ORS 500 5) 1.00} 2,500.00} 2,500.00 
Davidsome= 22.5.4... 100|cetee |e 15 3 685 0621 ee ek ee 3,635.62 
{DOES agit nt eae BOO |e eee ee eee eee 1,700 6) 275)" 7 on0208 7,650.00 
Duplin atts er sks SOOM: rs & een ee rat eet 2 eee. 2,000 6) .75| 9,000.00} 9,000.00 
Durhamees fo 550 see slese elt (40) eel pile2o 37601 Olle O00 4| .75) 3,000.00} 25,378.16 
Edgecombe... ___-__- GHOW © 2 Se 215 11 665-.00) 2 ee ee 11,665.00 
OLSNA i oan. SP ee Ce 1000) Sees Sie 420.4) 35,000 002: Sea = oo ee 85,000 .00 
Wrearkilae ess. ee 550) 2205 40 5745s 3,000.00 450 6] *.75| 2025200 5,025 .00 
PERBbOT ee oo Se Pee S00(2 2S te seale 419) 25 8215000 OOF 4200 2) .75) 6,300.00} 27,300.00 
(EE MIGIS Sag ge a yas, 0) Rees Pome (ene yt eG 1,400 6| 1.00} 8,400.00 8,400 .00 
Graham ee eee. 200 (22 SS Lee 3,600.00 600: 6; .75; 2,700.00 6,300.00 
Gralyalle: 2250.2 ee 650)|2>—2 hee ke AN INS 6,701.46, 3,000 4| .75} 9,000.00) 15,701.46 
Greener! 400|....] 60!) 22 eee ee ee eee 
COTLOT CO ye es a2 700! 100/__-_! 30! .123/£45,000.00} 2,000 4! .80! 6,400.00! 51,400.00 








® Where figures are not given in these columns, no mileage has been reported. 
> Where figures are not given in this column, no cash road levy was made. 
© Where figures are not given in this column, no labor tax was levied, and convict labor was 


used for road work. 


4 Of this amount, $6,058.30 was realized from the sale of bonds. 


© Includes 4 miles surfaced with shells. 
f Of this amount, $35,000 was realized from the sale of bonds. 
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Mileage and expenditures in 1904—Continued. 











Miles of public 


Expenditures in money and labor. 




































































roads. 
3 ja | © | *, | Property tax. Labor tax. 
fo) qa oO. o 
5 2 oh S 6 2 = Ges) 2 bs 
OF: Rane yer ee Tes 
any =e ed ec ee An Seg] G 
eae | eel ees | are aoe 
Oo s| = = br ° oS OnaS a ° tH bd 
wE lok ola | oF 2 PPE Be EN as oa 
ee ae Soe Seo A | oe 
Sax} S| & | oA 5 25 |28S,5| o ® 
Saeco he (oe = Fo |ageal B B 
° = See! li a Pa | Bao es ws 
= ND pL | ie), ||. Talal A 4 > > 
_ VD AUTON i sell ese 2 all as Ps Be Pe Ps FoR 07 Nea Bc le $075 |e ee 
Beptrmerieee fle). SOO ees eees a= ae 6 eee ke 3,500 6| .75}$15,'750.00 
meray WOOd._......-.- UR Re 5 80 | 14,000.00) 2,000 6| .60] 7,200.00 
Henderson_________- HOOIEE EE ete Seen: 10 400.00} 1,750 Gi 701g 12.0 75.00 
BPerrOrds) ee. | Mee ee RNS eT tats Tk ee SY 792 6| 1.00} 4,752.00 
Sivas... - Dy |e fener eas |, comes aes Ue aa, 925 6] 1.00} 5,550.00 
Ree limermeee st 300} .--- 2 Cli Sahel 000-00) een eek meeeree et eee ee eee ae 8 
peck SOME) 5. a7: CO) Bet al lecea et a) Pee Ee) vel cis), a rpste) 4| .85) 6,079.20 
POHVStOW --- 2. __- S00} MOO|E 22 aces “25 7,000.00 900 6| .75| 4,050.00 
(DES 2 A()()] aire eh ie tare |e tes |e es UE 750 Sl arf) BUR CRO 
‘Soh? & [er 500 Oe ee een Ose OF O20), OOle are ss. Ieee a GORE. ate 
_ tein ASO HS yet lll eo al page ee en Bt 4,414.30 708 Gilmer oll an loos Oo: 
McDowell____------- LO eee | ICS Oe Pooks 1,200.00} 1,100 6} 1.00) 6,600.00 
ONS an PEDO) aed ouedl aed e  BR IE, 6,000.00} 1,500 6| .75| 6,750.00 
SCONE Si. Sir SOO tee ee 05 2,000.00} 2,000 8} .75}) 12,000.00 
JSR 2T ()() eae: | UE (te oe eeR eS | ees Ca ocr! 1,800 6} .75| 8,100.00 
Mecklenburg ______- EQ) | eee 3} 144); .35 | 85,422.73] 8,800 4} 1.00) 15,200.00 
miibehell_2 22. _-- 700} ___- Pllncec| gue! 1,800.00} 2,100 6} 1.50} 18,900.00 
Montgomery ___-__-_- DOO es ||=e se” Se leeds Sake 1 POF Bale 2,000 6) .75} 9,000.00 
Steg 2 FAO AWA eel SOT 1,800.00} 2,000 6| .75) 9,000.00 
Gi tie. (ZOD eee Os oe Ses 25 2,038.92] 4,500 6} .75| 20,250.00 
New Hanover _____- OA ees Tie 2S 400229) 017.27) 600 5] .40} 1,200.00 
Northampton_-______ (940,0)] [ot a ee |e .20 | 18,659.00) 1,950 3} 1.00} 5,850.00 
UNO, Gi Fite o'lf Sete fea sel Ett at cee eM pe 2,119 6} 1.00} 12,714.00 
OEE 200: ame ie we | ee A 6,500.00} 1,200 4| .75| 3,600.00 
LeSilie. .\ TESKOT Seay alll Spctieetal Raha 4) ia edd Ni ae Sa 1,400 6| .50) 4,200.00 
Wasquotank._......- PAR) ace bol |e Se ne .10 2,391.48} 1,500 4| 1.00} 6,000.00 
Seve tl Fe OU ees et |e sateen OR ot Pane 2,000 6} .75! 9,000.00 
Perquimans. __.___._ SOSH S oe ue A yal ie, as ie oes 1,300 6} 1.00} 7,800.00 
IPETSOT meee oe} GOOlE LOO ese = sole LS: 5,000 .00 400 Ae oll 2O0L 00 
Leahab | 3.0) PUK) eres eee eerie 4,000.00} 2,000 2} .75| 38,000.00 
[folic OA) ee es Fea |e 15 1,600.00 400 Ae 800 .00 
HMandoiph 2)... ..- OW Se) ee! SORE Gee BilesvAl (eee e) 6} .75| 27,900.00 
Pichmond su... ... 200 pene 3 es ee | eee Rk 1750 Gian ee oD 800 
IODESOM = 9) 5 325.-.- CO) me) ee reel eee elm TO) OOO) OO) sence <a PLS Wa a EEE 
Rockingham________ 7.00) pen |reee er Sale Lee OO02 00 2 t500 3} 1.00} 7,500.00 
Leon 0s 00 | ae 2| 26| .25 | 26,507.00) 5,000 4} 1.00} 20,000.00 
Rutherford _________ COTO) | eave lls Oe ate aes &500.00} 1,200 6} 1.00) 7,200.00 
PAWUGSOMR ee 8... IYO LO) | cates dee a cnet ere aa et 3,600 6| 1.00} 21,600.00 
Seon sn DA en fy ees ee nls) 4,500.00 750 4); .80) 2,400.00 
Shcihies S SO) een een ee eee OSS) mon s00. 0012. O00 4| .75| 6,000.00 
Shinlige |) FCB D)|| ot aM Soe eae [A OB pa 2,500 Gieeiolmels 200200 
Stay. DOO) kee Marie meee me 200.00} 3,000 6| .75| 18,500.00 
it 2 SOO (Re se eee = PEP rate | eee «eee 1,200 10} 1.00} 12,000.00 
Cransyiviania ....-. 200) ee eee DAES ees a es eee 1,200 10| .75) 9,000.00 
Myce emer oo! L3G ae eee pines | Ne LEX Sages! il leis a a a 400 6} 1.00} 2,400.00 
Ole es O00) eee ede eee ON eT 1h 260 00leo , 000 6| 1.00} 18,000.00 
OMe) PAO FELUT  hoco tlReonael (ea Ee | ere Sr ee 400 Bay ahs 600 .00 
OES 1,560|._._| 27] 18] .15 |541,539.48] 4,150 6| .75) 18,675.00 
Vine i A200 |e ee eee 0,000.00) 1, 760 Al ef Dime oy 2OOLOU 
Washington _______- IO. 8) ian 8 my byl lk So ah | a 1,000 5] 1.00! 5,000.00 
NYE OUIO Re 2000) eee |e a on Noe st 2,000 6) .65}) 7,800.00 
Mts OG tere ene eens oe NE So 5,000.00} 2,500 6) 275) 115200200 
“OE FLORES YC sec |e Nee Sas TONES Nor Tate 83,318 6| .75}| 14,931.00 
CSG (ae ROM eh Ke) ieee viele OOO OO Seren ese weak AOU) Neee ene a se 
Ts eh 5) | eee |e Me oe Ee IC I ee 2,000 Gl foe 200000 
SINCE Pe SOG) eae ae ee te TOR ele 831811 ie 1.000 6 60; 3,600.00 
“Louie y | Sage 49,763} 438) 422) 399)}.____- G24 SOO Ole eles mere en ae nee 734 ,306 .45 





Total amount of property 
and labor tax, 


$8 , 000.00 
15,750 .00 
21,200.00 
8,275.00 
4,752.00 
5,550.00 
12,000.00 
11,830.95 
11,050.00 
3,375.00 
9,320.00 
7,600.30 
7,800.00 
12,750.00 
14,000.00 
8,100.00 
100,622.73 
20,700.00 
9,000.00 
10,800.00 
22,288 .92 
6,125.30 
19,509 .00 
12,714.00 
10,100.00 
4,200.00 
8,391.48 
9,000.00 
7,800.00 
6, 200 .00 
7,000.00 
2,400.00 
33,231.52 
7,875.00 
30,000.00 
19,500.00 
46 ,507 .00 
7,700.00 
21,600.00 
6,900.00 
9,300.00 
11,250.00 
13,700.00 
12,000.00 
9,000 .00 
2,400.00 
29 , 260.00 
600 .00 
60,214.43 
15,750 .00 
5,000.00 
7,800.00 
16, 250 .00 
14,931.00 
14,000 .00 
9,000 .00 
5,431.31 


1,358,687.23 








a Where figures are not given in these columns, no mileage has been reported. 
b Where figures are not given in this column, no cash road levy was made. 
© Where figures are not given in this column, no labor tax was levied, and convict labor was used 


for road work. 


d Ineludes 1 mile surfaced with shells. 
€ includes amount received from labor tax of 40 cents on 3,300 persons. 
f Of this amount, $17,091.97 was realized from the sale of bonds. 

&€This amount was used for bridges. 
h Of this amount, $18,000 was realized from the sale of bonds. 
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AMOUNT OF ROAD FUNDS. ‘a 













The amount derived from the property tax to be devoted to a 
improvement was $624,380.78 in 1904, and the cash value of th 
labor tax was $734,306.45, the total revenue from both sources | being 
$1,358,687.23. It will be seen from the table that the cash value ¢ 
the labor tax in each county i is the product obtained by multiplying t he 
number of men drafted for road service by the number of days required 
of each per annum, and this product by the average wages per day for 
road or similar work. By comparing the total revenue with the total 
mileage of public road and with the population of the State, it is foun J 
that the funds collected and expended for road purposes, amounted to 
$27.30 per mile of public road, or $0.71 per inhabitant. 


MAURICE O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 26, 1906. 
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United States Department of Agriculture, 


OFFICE OF PRREIC ROADS— Circular No. 46. 
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RES IN 1904.! 


J anBiaiacoF, Rods: z i 


The accompanying ase re na Tne! wére 50,089 miles 
of public road in the State of Alabama. Of this Mileage, 1,261.5 
miles were surfaced with gravel, 392.5 miles with stone, 50 miles with 
shells, 12 miles with sand-clay mixtures, and 4 miles with chert and 
slag, making in all 1,720 miles of improved road. It will be seen from 
these figures that 3.4 per cent of the roads has been improved. By 
comparing the total road mileage with the area of the State, it appears 
that there was 0.97 of a mile of public road per square mile of area. A 
comparison of mileage with population shows that there was 1 mile of 
road to every 36 inhabitants, but only 1 mile of improved road to every 
1,068 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The court of county commissioners, which has jurisdiction over all 
public roads, may levy a tax of not more than 25 cents on each $100 
worth of taxable property. The funds derived from this tax must be 
used in the construction or maintenance of roads, bridges, or public 
buildings, or for the payment of interest and principal on bonds issued 
for these purposes. It will be seen from the table that 35 out of the 
67 counties in the State reported expenditures for the year 1904 under 
the cash-tax system outlined above. 





1 This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 


- accuracy of the figures. It is believed, however, that, with some exceptions, 


they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and for future work of this kind.—LOGAN WALLER PAGE, Director. 


All able-bodied male residents between the ages of 18 and 45 years, 


2 


unless by law exempt, are required to work on the public roads not to 
exceed ten days per annum or pay in lieu thereof not to exceed $5. 
This limitation, however, does not apply to the time consumed in 


opening new 


roads. 


Mileage and expenditures in 1904. 
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= 3 3 = 5 Qa | 20 oe Berk o = 
o pay a oc °o gc ge ES 3 3 
5 5 i s|6 5 55 |sSa0|2ae a 6 
Ss Nn Mm | o& x Zz A < > H 
Autauga____- pe 200 LQ: apse (¢) $2,000.00) 2,500 10} $0.50] $12,500.00! $14,500.00 
Baldwin _._.-- Ss 200 eee SI et $0.15 5,000.00; 2,600 10; 1.00 26 ,000 .00 31,000.00 
Bar bourse: sees o 500 2eee 2 2s 2 .25 | 10,000.00} 3,500 10 .65| 22,750.00 32.750 .00 
13416) 8 3.4.5 eee 500 Suse 15 6,000.00; 1,000 5} 1.00} 5,000 .00 11,000.00 
IBlOUNn GEE es fee G60 xeereeinn Ere Si Pend 5,000.00} 2,465 8 .50, 9,860.00 14,860.00 
Bullogkes eos ee (ata) 0) (eas ie ket | .125} 11,450.00} 6,000 10 Gis 45 ,000 .00 56,450 .00 
Butlers = — COOMA Fe eS sel eee 2,000 10 27h) 15,000.00 15,000.00 
Caihounmesss eee 850 85 15 .15 | 18,500.00} 2,000 4) 1.00 8,000.00 21,500.00 
Chambers ____--- LT OOO eee le Se | 2k | ee ee 3,000 10 Af) 22,500.00 22,500.00 
Cherokee _______- (OO 1L00D ees aie 3,800.00) 1,800 6 .80 8,640.00 12,440.00 
Chilton fl tS tae ween | Nn tal ie PAR Sega ae 1,260 10; 1.00 12,600.00 12,600.00 
CHOCTAWEeo. see VDI S Sone SR he Be ee Os ee ere aeied 1,400 10 -50 7,000.00 7,000.00 
Mlarkessoss =) 3 AS 0) oe Whats RN sc Mo Pes sire hk ae 2,000 5 shes 7,500.00 7,500.00 
Olyyiaee see eS L- OO00 2 Se aaee ae 715 1,875.00 , 900 10 iss 18,750.00 20,625.00 
Cleburne ___..--- TOON ee Re eA DA eee a | ene ro Porte 1,200 10 who 9,000.00 9,000 .00 
Woreeastes. 22 Ae as\ | a PL WER PE ork | GS Pag coke 2,400 10; 1.00 24 ,000 .00 24,000.00 
Colbert... O23 {ee O4 sae .10 764.00} 2,250 10 .50 11,250.00 13,014.00 
@onéecuh ss... 22. DOO eee Pec Aeas ek en Neate | da 1,000 10 he Be oe 7,500.00 
Govineton 222] 190 eee] 8ool Bl 1.60. soon aa 
Crensniawasee soe 433) etna eee (25 8,674 .00| 43 345 10 wD 25 ,087 .50 33,761.50 
(OiU) boar h als ee SOO eee ee epee .10 5,430.00 2'500 16; 1.00 25,000.00 30,430.00 
Daileeeeee. Ok. GI7 Lec ee ee er eee ee 1,500 10 ass 11,250.00 11,250.00 
Dallas. 22 2.4... 1,000 a A Paes (et Pf ae 9 PR Se 5,000 10 srt 87,500.00 37,500.00 
DeKalb serene S00 Sacer a seas (Cc) 4,216.72} 3,000 6; 1.00 18,000.00 22,216.72 
BIMOre. cee ss 1,000 Ya |S See (c) 2,000.00} 2,000 10; 1.00 20,000 .0U 22,000 .00 
Escambia... LOO ee a ea nt BORA 700 6} 1.00 4,200.00 4,200.00 
COM ae nee ee 700 Og eee SAGs: 8,000.00) 1,500 6| 1.00 9,000.00 17,000 .00 
Wa vettese-. 292) 850 EST) ke, Mtl Ah ell eee Lee 1,500 10 io 11, 250.00 11,250.00 
ot ee Sra. OQ eee ey aoe” BS eer 1,000 10 75 ae Bee 
eney ae oo 12000 eee eee ee ee ee 1,000 10 fo 7,500.00 , 900 .00 
Greenes C300 |e aee Lee (¢) 6,000.00) 1,000 10} 1.00 10,000 .00 16,000.00 
1 Way (ete sien el DOO) See eoa ee ae eee wall ee eee 1,000 10 Hess 7,500 .00 7,500.00 
seus nt, = Cees Ae fl OOOIEL AES Sete .25 | 11,000.00 2333 LOM 200 23 ,830.00 34,330.00 
OUStOI se) 740, 0) eee ve ettl AMO ars, | eae Ae 1,000 10 ahs: 7,500.00 7,500.00 
JACKSON eo. 500 28 80 .25 |£25,000.00 3000 10| 1.00 30,000.00 55,000.00 
peuereen 1 ees 1,400; 200 /200 .10 | 85,000.00; 10,000 10! 1.25) 125,000.00} 160,000.00 
Wan: W pee Oe S/he al 1,140 TOs Se el eee ee eee 1,860 7 .80 10,416.00 10,416.0€ 
Lauderdale______ GOOTS200 Here .10 4,200.00! 2,000 6 ay ha 9,000.00 13,200.00 
Lawrence ______. G00) 28 ss 5 APs 5,563.95} 1,400 10 AY AS 10,500.00 16,063 .95 
(EYE) oe Coe ae aN peel 600) oe PEAS | Se eee | Cee eee eee 2,440 10; 1.60 24,400.00 24,400.00 
Limestone ______-_ 650 BO edi A eeh ae e 3,000 10} 1.00 30,000 .00 30,000.00 
Lowndes _______- 500 tT teats (c) 6,000.00) 1,500 10 .90 13,500.00 19,500.00 
MACON 2 eee S001 Fee Se ee arn eee te epee yee 1,716 10 .65 11,154.00 11,154.00 
MAOCISON 2 2022 Ae 300 75 75 .20 | 10,000.00) 5,000 4 ays: 15,000.00 25 ,000 .00 
Marengo _______. 1 Wi a be nae Be 8 ln 2,500 10} 1.00 25 ,000 .00 25,000.00 
MaTiOn-- sa2095 = SOO sed. earth eh AE ee | et eee 1,500 10} 1.00 15 ,000 .00 15,000.00 
Ria rsh a llies= = oe 2 O00} eee. Pe Re | A | Nila etn 2,600 10 aes 19,500.00 19,500.00 
Mobilegs we. Sl GOO sae (Cc) 35,000. 60 4,000 LO PAS 25 50,000.00 85,000.00 





® Where figures are not given in these columns, no mileage has been reported. 
> Where figures are not given in this column, no cash expenditure has been reported. 
© Rate of levy not reported. 


4 Estimated by this Office from population in this and other counties. 


© Includes 12 miles of sand-clay road. 
f Of this amount, about $10,000 was donated by citizens. 
® Includes 50 miles of shell road, 
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_ Mileage and expenditures in 1904—Continued. 
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a oD) Mm | — Z A < > Ss 
BrOnnOG...._-.... iL sit oes = tae eel Ae nN | alee | ea a 3,000 10 $1.00} $380,000.00} $30,000.00 
Montgomery .-.-| 597; 108 |...-- pC eALURA yt eagig Ceci 8) Pinte gayle ee eg ara s2 oe See 22,716.10 
MmOrpeanec..2.2-- 574) eee Lieb) 20 6,000.00; 1,860 & .90 13 ,3892 .00 19,392.00 
oo CAD) ce, tee Se oe a Se Be eee ee 1,000 10 .50 5,000.00 5,000.00 
Pickens eee sss Gi ipeepewes (eee. nti ec: 2.715 6} 1.00 16,290.00 16, 290.00 
iT) SO UO LO Vesey .25 | 10,000.00) 2,500 10! 1.00 25,000.00 35,000.00 
rancdolph-2. 2... SOG) meena sen itey ek Ne ea ae |e ie coe 1,750 10 nto 13, 125.00 T3it25.00 
Lb el IE el ee As} 6,000.00! 3,000 10 aes: 22,500.00 28,500.00 
Sch CO ee Sa Pal) 4,350.00) 1,350) 4 thes 4,050.00 8,400.00 
Sih 305) ey al |e (c) 3,000.00) 2,000) 10; 1.00 20,000.00 23 ,000 .00 
MmHIMLerio. .-.-_—- GIGOO ee tae ek ee Sc (c) €40 ,000 .00) 3,500} 10; 1.00 35,000.00 75,000.00 
‘Talladega --_.___- BOOT LL a 215 | 1F,000-00} 4,200 6! 1.00 25 , 200 .00 36 , 200.00. 
Tallapoosa .._.-_- Be UUnrre = Se ate nici eee tec ee kn omao) 6} 1.00 19,650.00 19,650.00 
Tuscaloosa _____- HeldOR 100" 22.2 (€) 40,000.00} 3,500; 8} 1.00 28 , 000.00 68 ,000 .00 
Walker _ tr Se t8 0) > kk See. oe A 125 7,000.00) 2 000) 6} 1.00 12,000.00 19,000 .00 
Washington See (UO) Aa ese ge ee a | ea ee 300 10; 1.00 3,000.00 3,000.00 
a Pee | 4 2,000 10.75, 15,000.00] 15,000.00 
WVIMSCOM = __ BU Oi oe pee eae (c) 1,500.00} 1, 200) 10 ares 9,000.00 10,500 .00 
: eS aa ae ees 
4 ho) 7) ae Se DO0S9) L201 SiS92 bio 22 378 ,039 .77 153,419 Pe Ah oe Lt a ea 1,198 ,394 .50)1 ,576,434 .27 

































































®Where figures are not given in these columns, no mileage has been reported. 
> Where figures are not given in this column, no cash expenditure has been reported. 
¢ Rate of levy not reported. 
dInecludes 4 miles of road surfaced with chert and slag. 


€This amount was realized from sale of bonds. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $378,039.77 in 1904, and the estimated cash value of the labor tax 


was $1,198,394.50, making a total expenditure of $1,576,434.27. 


It 


will be seen from the table that the cash value of the labor tax in each 
county is the product obtained by multiplying the number of men 
drafted for road service by the number of days each man is required to 
work, and this product by the average wages per day. By comparing 
the total expenditure with the total mileage of public road and with 
the population of the State, it is found that the funds collected and 
expended for road purposes, including the estimated cash value of the 
labor tax, amounted to $31.47 per mile of public road, or $0.86 per 


inhabitant. 


Approved: 


JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., May 2, 1906. 


O 


MavuRICE O. ELDRIDGE, 
Chiet of Records. 
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OFFICE OF PUBLIC ROADS—Circular No. 47. 
LOGAN WALLER PAGE, Director. 


TAR AND OIL FOR ROAD IMPROVEMENT: REPORT OF PROGRESS OF 
EXPERIMENTS AT JACKSON, TENN. 


INTRODUCTION. 


During the spring and summer of 1905 the Office of Public Roads 
cooperated with Mr. Sam C. Lancaster, city engineer of Jackson, 


’ Tenn., and chief engineer of the Madison County Good Roads Com- 


mission, in making a series of careful experiments at Jackson, Tenn., 
to determine the value of coal tar for the improvement of macadam 


streets and roads. Tests were also made of the utility of crude 


Texas oil and several grades of its residue when applied to earth and 
macadam roads. ! 


EXPERIMENTS WITH TAR. 


The macadam streets in the business center of the city of Jackson 
were built originally of the hard siliceous rock known as novaculite. 


About the ist of May, 1905, after fifteen years of wear, repair of 


these streets became necessary. The old surface was first swept clean 
with a horse sweeper, so as to expose the solid pavement beneath. 
This was done because tar will not penetrate a road surface which is 
covered with dust and loose material. Next, the surface was loosened 
by means of spikes placed in the wheels of a 10-ton steam roller, the 
street reshaped, and new material added where needed. The road 
was then sprinkled, rolled, bonded, and finished to form a hard, com- 
pact, even surface, and allowed to dry thoroughly before either tar or 
oil was applied, for these substances can not penetrate a moist road 
surface. The best results are obtained when the work is done in hot, 
dry weather, and accordingly the tar was first applied in August. It 
may be well to add that the novaculite used in the construction of the 
roads is an almost nonabsorbent rock. 

Other sections of streets and roads were built of new material 


entirely and according to well-known principles of macadam construc- 


tion, but no tar or oil was put on them until after they had been sub- 
29844—06 
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jected to traffic. Sectionssof country roads which had been built for 
periods of from one to two years were also treated with tar and oil. 
Careful records were kept--temperatures, weather conditions, etc., 
noted—and photographs taken to illustrate the progress of the work. 

The tar used was furnished free by a Philadelphia company, and 
came from Ensley, Ala., It was a by-product from the manufacture 
of coke and was practically free from moisture. It was received at 
the railway station in standard steel tanks of about 8,000 gallons 
capacity. A portable boiler was connected with the steam coils of 
these tank cars to heat the tar and keep it hot, thus saving time in 
bringing it to the temperature desired for spreading on the road. It 
was then taken from the tank cars and poured into a cylindrical tank 
wagon of 500 gallons capacity by means of a hand-lever pump. This 
portable tank bad a small fire box under one end, with a flue running 
directly beneath the tank to a smokestack at the other end. A fire was. 
kept in the fire box and the tar brought to a temperature which gen- 
erally reached 210° F., but when placed on the road it was reduced to 
a temperature of from 160° to 190° F. The hottest tar produced the 
best results. A horizontal pipe with an adjustable, longitudinal slot, . 
attached to the rear of the wagon and extending down close to the 
surface of the road, was first used to spread the tar, but this became 
clogged and did not give an even flow. It was therefore abandoned, 
and in place of it a piece of four-ply 14-inch rubber hose was attached 
to the wagon. This hose had a nozzle of 1-inch pipe, slightly flattened 
at the end to produce a broad stream, and was provided with a valve 
for controlling the flow. The tar was spread with this hose over a 
radius of about 15 feet of road surface. 

Laborers, with street-cleaners’ brooms of bamboo fiber, followed 
the tank and swept the surplus tar ahead. They spread it as evenly 
and quickly as possible, and in a layer only thick enough to cover the 
surface. One side of the street was finished at a time, and barricades 
placed to keep off the traffic until the tar had had time to soak into the 
surface. The time allowed for this process was varied from a few 
hours to several days. From the results obtained it can be stated that, 
under a hot sun, with the roud surface thoroughly compact, clean, and 
dry, and with the tar heated almost to the boiling point and applied — 
as described above, the road will absorb practically all of it in eight 
or ten hours. A light coat of clean sand, screenings, or the clean 
particles swept from the surface of the road, may then be spread as 
evenly as possible and rolled in with a steam roller. These different 
top layers were applied to various sections, and in one case the road 
was left to dry without spreading anything except the hot tar. In 
another instance sand was applied to the tar within two hours, which 
resulted in the absorption of the tar by the sand and lessened its pen- 


etration of the road surface. It was necessary to remove this sand- 
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tar mixture, which peeled up under traffic. A sufficient amount of 
tar, however, had penetrated the surface of the road to make it water- 
proof, and after more than seven months of service this section of 
street is in good condition. 
In spreading the coat of material for drying the surface of the road 
and absorbing the surplus tar, only enough should be used to cover it 
lightly, as after rolling this surplus material will be washed or blown 
away, or it may be removed with street sweepers and the surface left 
smooth and clean. 

Table I gives the cost of labor in preparing the road and applying 
the tar in five different experiments. No account of lost time was 
kept. Negro labor was used, at $1.25 for a ten-hour day, and $3 per 
day was paid for teams. The quantity of tar per square yard was 
computed from the number of gallons used on the areas covered in 
the different sections and varied slightly. The average quantity was 
0.45 of a gallon. Little difference resulted in the appearance of the 
various sections. The tar was spread with the slotted pipe in the first 
two experiments and with the hose in the last three. Sand was used 
for a top layer in the second, fourth, and fifth experiments, while sand 
and clean sweepings were used for this layer in the first and limestone 
screenings in the third. 

Rolling was done at odd times and no exact cost can be given of this 
-item in the last three experiments. The average cost per gallon of 
filling the tank, heating the tar, and hauling it tothe road was 50.0024. 
To obtain an approximate total cost per square yard of this work, add 
the cost of 0.45 of a gallon of tar, which was the average quantity 
applied per square yard, to the cost of labor per square yard. 


Tassie 1.—Cost of labor per square yard in five different experiments. 
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After more than seven months, including the winter season of 1905-6, 
the tarred streets and roads are still in excellent condition. They are 
hard, smooth, and resemble asphalt, except that they show a more 
gritty surface. The tar forms a part of the surface proper and is in 
rfect bond with the macadam. Sections cut from the streets show 
that the tar has penetrated from 1 to 2 inches, and the fine black lines 
n in the interstices between the individual stones show that the 
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mechanical bond has been-reinforced by the penetration of the tar. 
The tar is a matrix into which the stones of the surface are set, form- 
ing a conglomerate or concrete. A second coating applied a year 
after the first would require much less tar than the first, as the inter- 
stices of the rock would then be filled with tar. 

A tarred street is dustless in the same sense that an asphalt street is 
dustless, though a fine sandy powder wears off as in the case of asphalt. 
It can be swept or washed clean. These streets have since been swept 
regularly and the city government is in favor of treating all of the 
streets with tar. The cleaning that would soon ruin an ordinary 
macadam road does not injure the tarred surface, as the stones are not 
torn up of disturbed. The tar itself has antiseptic properties, hence 
its use would be beneficial both as a germicide and as a means of 
securing cleanliness. | 

On one section of country road a coating of light crude Texas oil 
was first applied, and after this had penetrated, a coat of hot tar was 
spread over the surface. After allowing this to dry for eighteen 
hours, a coating of sand was spread over the tar. This has given 
fairly good results, but was no improvement over the tar spread on 
the dry road, as the oil seems to have prevented the penetration of 
the tar to some extent. 

On some of the city streets the unbound stone between the rails of 
the street-car tracks was covered with tar, and this has resulted in a 
hard waterproof surface from rail to rail. Previously the stones were 
loose and troublesome from lack of traftic, and heavy rains washed the 
track out badly on the steep hillsides. 

In driving over a tarred macadam road the lessened vibration and 
noise is at once noticeable. The ordinary macadam produces a con- 
stant succession of slight jars upon a steel-tired wheel, and there is a 
relief felt at once in driving upon a road treated with tar. It is also 
claimed by the local horsemen that the surface is better for horses’ feet. 

The endurance of the tarred roads is yet an unsettled question, and 
time will be required to determine their value in this respect. 


EXPERIMENTS WITH OILS. 


Seven tank cars of oil, given by some Texas and Louisiana com- 
panies, were used at Jackson. It varied in quality from a light, crude 
oil to a heavy, viscous residue from the refineries. Over 7 miles of 
country road and several city streets were treated. 

At first, some of the lighter crude oils were applied with the same 
tank wagon that was used for the tar. Hose and brooms were used to 
spread the oil, and practically the same process was followed as with 
the tar. The oil soaked into the macadam very quickly and left no 
coating on top. It caused the light covering of sand which was 
applied to pack down and gave the road a dark color. 
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It was soon noticed that the preliminary sweeping was unnecessary, 
as the roads were practically free from dust and oil would pene- 
trate the surface. The removal of detritus was a loss to the road, 
which had to be replaced by sand to prevent excessive wear on the 
stone. It was later found that it was much cheaper to use an ordinary 
_ street sprinkler than the tank wagon, and in this case spreading the 
. oil with brooms was unnecessary. 

The crude oil was used cold, and the cost of applying it with the 
different methods used is given below. 

On a city street 8,266 square yards were treated at the rate of 0.48 
of a gallon of oil per square yard with the use of the tank wagon 
and hose. The cost of labor per square yard was as follows: 
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On a country road 2,000 gallons were spread, covering 5,206 square 

yards, at a rate of 0.38 of a gallon per square yard. The average 
haul was 1 mile. Only the manure was removed before oiling. The 
cost of labor averaged $0.0033 per square yard. 
, It took 9 men thirty minutes to spread 500 gallons, or one tank 
load, and the 18-foot road was covered at the rate of 1,860 feet per 
hour. It took twenty-eight minutes to fill the tank car with oil. 
With an ordinary street sprinkler, one man and team spread one load 
of 600 gallons of oil in fifteen minutes. The sprinkler thus spread 
600 gallons in one-half the time that it took 9 men, with the tank 
wagon, to spread 500 gallons. 

The heavy residual oils were so thick when cold that they would not 
run through a 2-inch fire hose attached to the rear of the tank wagon, 
and it was necessary to pump the oil upon the road. The pump with 
which the tank was charged was used for this operation. Only one 
tank wagon (500 gallons) of the heavy oil was applied cold. It formed 
a thick, sticky mass on the top of the road that rolled about under 
_ pressure and seemed to have an unlimited capacity for absorbing the 

sand which was spread upon it. The street had to be cleared of the 
_ greater part of this mass of oil and sand within a short time. 

After this experience the oil was heated in the car by steam, and 
better results followed. It still ran slowly through the hose and noz- 
zle, and it was found cheaper to take off the hose and allow the oil to 
flow from the outlet of the tank directly upon the road, where the 
men swept it over the surface with brooms. An air pump was tried, 
to increase the flow of the tank by pressure, but the tank was not 
tight enough to prevent the escape of air, and this experimont was 
_ unsuccessful. 


Twenty-four hours after the application of the residual oil it was : 
covered with sand or limestone screenings, and in four days it was firm 
enough to bear traffic without showing any wheel tracks. It shed the 
water well in a violent rain storm. | 

The following was the cost per square yard of putting residual oil 
on city streets with the use of the tank wagon. Approximately 0.71 
of a gallon of oil was used per square yard: 
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Excellent results can be secured by the use of this heavy residual 
oil if it can be applied to the surface of the road at a temperature 
approaching the boiling point. 

The medium grade of oil, which was tried next, is classed by the 
refiners as ‘‘ steamer oil.” Tt was heavy enough to leave a slight 
coating on the surface, which made a very compact covering with the 
dust of the road. Only the heavy matter was removed from the sur- 
face of the road before applying the oil. It was heated by steam in 
the car, but was not hot when it reached the road. It was not safe to 
build a fire in the tank wagon, and the best road surface was obtained 
where the oil was at the highest temperature. Some method of heat- 
ing the oil safely on the road would greatly improve the results. This 
could be accomplished with a steam traction engine having steam coils 
connected with the tank, the engine hauling and heating the tank 
while spreading the oil. Most of this oil was applied with the street 

sprinkler, and it sprayed readily when hot. 

In applying the greater part of the oil on the country Bi the fol- 
lowing men and equipment were used: A foreman at $2 per day; 6 labor- 
ers at $1.25 per day for working on the road and pumping oil at the car; 
1 tank wagon and 1 street sprinkler at $3 each per day; 2 firemen at $1.50 
per day, and 1 ton of coal. This force spread in one day 3 tank 
wagons of 1,500 gallons and 3 sprinkler tank loads of 1,800 gallons, 
making a total of 3,300 gallons. 

No sweeping was done on the country roads except to remove manure 
and to spread the oil where it was inclined to puddle. No sand or 
other material was applied to the road after oiling. 

More than seven months have now elapsed since the work was done. 
The light crude oil has produced little if any permanent results. The 
roads where it was applied are but slightly changed, and some dust 
arises on them from traffic. The only apparent result is a slightly 
darker color on the ‘‘shoulders” of the road, and but little difference 
can be noticed between this and other sections of the road which were 
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not treated. This oil was too volatile for the purpose, and where 
it has to be shipped for any distance does not justify the expense of 
using it. 
The medium *‘‘steamer oil” from Texas has given good results. 
There is a thin surface coat of dust packed down that. protects the 
stone from the grind and pounding of traffic. This effect is very 
noticeable in Caen over it. The harsh grinding noise of the wheels, 
which is pronounced on the novaculite surface, disappears at once, and 
there is decided relief in driving upon it. It is practically noiseless. 
This coating is perhaps one-eighth of an inch thick, and is not a con- 
} crete, but compacted dust, which is made to cohere by the oil with 
} which it is saturated. This road does not wash or ‘‘ pick up,” and the 
wear on the rock is much decreased. 

A good macadam road forms a wearing coat of fine material, which 
} is necessary to its existence. If this coat is removed, another is 
|} formed and the life of the road is gauged by the rapidity with which 
| the detwitus is removed from the surface. The more rapidly it is 
|} removed the shorter will be the life of the road. The important 
|} result of applying the ‘‘steamer oil” was that the wearing coat was 
| fixed and held to the surface, consequently the life of the road will be 
| much greater. Of course some of it has blown and washed away, but 
| itis perhaps safe to say that the loss is decreased by at least 75 per 
- cent. 
|  £‘The best results were obtained with the heavier oils when the oil 
| was hot. The road treated with the heaviest oil is entirely dustless. 
_ Teams passing from the bare macadam upon the oiled road show this, 
for the cloud of dust behind a wagon disappears at once, and the oiled 
roads can be cleaned or swept as well as the tarred roads. There is 
| but little noise even from the horses’ hoofs. 
. Another experiment was tried of treating an ordinary earth road 
| with the heavy oil after it had been shaped and graded. The soil was 
|} composed largely of sand and the oil was harrowed into it and the 
{| road rolled. This piece of road has become fairly smooth and firm 
| enough to bear traffic. It is not hard like macadam and has small 
_ wheel marks. It is about as good as the usual earth road where the 
soil packs well in fair weather. It is an improvement on the old road, 
as the sandy soil was cut into ruts, but it can hardly be recommended 
_ for use where the oil has to be shipped a great distance and is high in 
price. 
} The experiments outlined above were in the main successful. 
Further time, however, will be required before definite conclusions 
ean be reached and these will be published as a supplement to this 
circular. 





Table IL gives the results of laboratory tests of the oils used at_ 


Jackson and shows their general character: 


TaBLe LIl.—Results of tests of oils used at Jacksen, Tenn. 
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The residue obtained after heating at 400° F. was somewhat viscous 
in every case except that of No. 172, which was almost solid. Nos. 
134, 188, and 172 dented slightly when cold. No. 424 dented easily, 
while Nos. 88 and 342 were soft and sticky. 

For comparison, the following results of tests of a road oil used in 
Queens County, Long Island, in 1905, and a California petroleum are 


added in Table ILI: 


TaBLe IL].—Further results of tests of road oils. 








Queens County oil 
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California petroleum 
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JAMES Wiuson, Secretary of Agriculture. 


WasHineton, D. C., 
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of public road in the State of TennessterArng Usizanie} ge, 2,511 miles 
were surfaced with gravel and 1,774 with a 4,285 
miles of improved road. It will be seen from these figures at about 9 
per cent of the roads has been improved. By comparing the total road 
mileage with the area of the State, it appears that there were 1.17 miles 
of public road per square mile of area. A comparison of mileage with 


population shows that there was 1 mile of road to every 41 inhabitants, 
but only 1 mile of improved road to every 471 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The county courts levy each year for road purposes an ad valorem tax 
on all property outside the limits of incorporated cities and towns. The 
State law governing the rate of this levy is peculiar. The rate for a 
county depends on the number of days’ work on the roads required in 
that county under the labor statute. The law fixes the rate at 2 cents 
on each $100 worth of taxable property for each day’s labor required. 
Only in this indirect way can the county court control the rate. If the 
county court fixes the number of days’ labor on the roads at four, it 
thereby fixes the rate of cash-tax levy at 8 cents per $100; by requiring 
eight days’ labor it fixes the rate at 16 cents, etc. 

Every able-bodied male resident between the ages of 21 and 46 living 
outside the limits of an incorporated town or city, unless by the county 
court exempt, is required to work on the public highways not less than 


1 This leaflet is one of a series issued by the Office of Public Roads, in which 





road statistics are given by States. As little reliable information of this kind 


has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 


appointed by the Department. Every effort has been made to verify all figures 


given, and in most cases local officials-having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 


_ theless, errors may have crept in. Mileage of roads on boundary lines of town- 


ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 


' methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute. 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
_comparison and for future work of this kind.—LOGAN WALLER PAGE, Director. 


four nor more than eight days each year. . | 
duty may either furnish a substitute or pay in lieu thereof 75 cents per 


day for each day assessed. 


All counties in the State having a population of over 70, 000 inhaba 
ants (Davidson, Knox, and Shelby counties) have special road laws 
of their own which are broader in their application than the general law 
The legislature has several times during the last few 
years passed special laws enabling certain counties to issue bonds for 
The interest and principal of the bonds are paid 
out of the general county fund or out of a special fund provided by law. 


outlined above. 


constructing roads. 
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Mileage and expenditures in 1904. 
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VET Ree eet 480 Te eae TZ Sonn 3,400 6. 115,300.00) | =e 19,083 .86_ 
Mavetters wees ot: SOOO HET 2 ees 16 dpe L2De ha 1,500 8, |°9,000:.00" | eee 14,125.17 
Fentress ..._..-..- 200 Shige cel aa LOU Pednie 2s 750 5. | (2,812.50) 3,963.78 
Hrankline sss. 3402" HOO PE Oe est 10 | 6,052.00 2,000 5"|''7,600:.00; |e 13 552.08) 
Gipbsoneee te 42 eS LE 1OO E22 ae eee 10 | 4,190.25 5,000 5 118;'750: 00022 22,940.25 
GiGateeee fort es, 500 125 TLO") 14-7, 178-40 4,000 7 121.,000 .00))| seen 28,178.40 
Grainperlsee arene POO Y Ee 5 | 10 | 1,485.00 1,500 5) 5,625:..00 1 eee 7,110.00 © 
GrG@GnGiiy.s woe 8 5 ooo 200 ere 110 Ne2ro1O eed 4,000 5, |15000).00)-|2am ae . 17,510,228 
CERIN eee ee UO ee ere Al eens 10 900 .00 1,425 5:| 5,843.75, |e 6,243.75 
Hamblen. seer! S00 ME Som ee On) eae era: 1,500 5 | 5,625.00 |53,600.00 61,238.71 
rramitone ss) oe: - 600 270 20 |. 10 |25,000.00 4,500 5, (16,875.00 |. 41,875.00. 
IANCOCK of eee e DOM ee eee aby. 256 .20 1,000 6 | 4,500.00 |e 4,756.20 
Hardeman __-_____ 750 ieee 10 | 2,824.81 2,500 6) 4) 9),875.00' |. Soe ee 12,199.81 
Lis Uc Wit ae dete ly Ig 700 20 ieee. 10 | 1,975.00 3,550 5 113,012.50 1). 15, 287.50 
EVANS oe BOOT ea 2a 10 Ils 98 7ea9 3,078 O° 115542 (60) | 2a 18,529.89 
Haywood ..o220 03 555 Nev eee bees 127) "8 367088 2,500 6: 11250 :00' |ue See 14,617.88 
Henderson _______ AQ Fie ta eee 10 (BIR SY) 1,200 5 | 4,500.00 |) 22S 5,231.57, 
LGN Vee eee 400 lpg Maat od obaape IO S,02L2o. 4,000 6° 115,000.00) jp 18 521.88 
PGK iat) 2 ee | TOT tis. ee ea 10° 25575.00 1,631 D'| 631716255) ce ee 8,691.25 
ELOUS COTA eee 215 Oe eS 10 701.64 700.; . 5) |.2,,625.00)) 2 ae 3,326.64 
Hum hreys -.____ HgY5 3 | Weert | (ahs rs 107) °25388-10 1,200 5. | 4,500.00) |. eee 6,838.10. 
PRCKBO EY Sue reels PAU Ue shew aE LESS” 5 12 | 1,545.96 1,500 6+|\ 6,750.00 |e. 8,295.96 
BEINGS eee 166 30 1} 10) 1,402.16 780 5. | 2,925,000 |. See 4,327.16 
Jeierson-.......- 800-2 8 | 10 | 2,206.12 2,000 6 J°7;600.00 |...) eee 9,706.12 


® Where figures are not given in these columns, no mileage has been reported. 


> Where figures are not given in this column, no expenditure was made from bond issues. 


© Aj) toll roads. 
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Mileage and expenditures in 1904—Continued. 






























































Miles a ba Expenditures in money and labor. 
= 3 be Property tax. Labor tax. a is) a KS 
OM ih Poti ) gS. | ets. 
County. a. |. & e /|lSi xER | oS Jog! KS 1 ilies 

a6 o [eb] ey preter aA f oa ne So Cpe 

Sse | ok | oh |5% m= a Al Oe Gh ow 

wo D8 aot Or ache Sy ie Hoy. SH fa rs) 3 Yn ev ord 

og oH | oF v) BUS PnW | vo 10'S Ao Rand 

aes oh |] «a oP} BYS ae bn (one ee S352. a~o2¢g 

s oo +4 CU's see fom S450 Otid Bq_eLS 

ae a tH Be E Ep o Hp} D Pos 

° 5 | oe eg Fao |seq| ass2 Ao O A 2 

aH M w Sal dank A Aco) - <q H 

Cts.| Dollars. Dollars.| Dollars.| Dollars. 
POUMSONeE 2. ZOOM Pe ees cNLeee 1f 12 daeo L 1,600 Ga 200 00 F252. eee S,O1OROL 
DL ae eae ae PEO2Z6 Mises Ls 226 8 |45,650.13 9,600 4232800200) [iesue see 74,450.18 
URE ae 4 eae ee LOM ela 29a 1,200 OA UO LOO Fs eae eee 5,929.55 
Lauderdale ___._-_- 2 OOO Nae ec eae 12 | 4,195.00 3,300 Gohl SoU). OON | seas aan 19,045 .00 
Lawrence ___..-_-- 750 TOR 10 | 1,800.17 2,000 Ore cOUOR OO! nee 9,300.17 
We Vilsieees oe 250 OM aoeiee = 10 500 .00 636 Sella erters WO Wier ae ee 2,885.00 
Luteo). WOON CCLO 7 |eeeees © Le OOmned 2,500 Tal 14 062650 sca 19 ,665.3 
\Uciits ts) PAU ali eas Se is 8 | 1,565.89 600 A ae 800k OO | bs mec eee 3,365.89 
NOM Tan ee QUE erates 23s 10 | 4,825.62 1,667 Pay, Ole De lie Deny eee eens 11,076.87 
MIUEISIGTTO fa OOO Weer We eas LOo|eLe too roo 2,191 Sle 146; OC nee ae see 14,881.36 
IG IFO 0 a a ea O00 Bee oe eee LOM el C226. 1,952 Diol. 00: tae eee 8 341.26 
NiaieON 7... ... SOOM Emer ss AZ Ge POL OLi.of oO 8 |18,606.00 |92,018.67 115,610.21 
ACID oes 150 10 12) 10 | 1,739.64 2,464 5 | 9,240.00 |65,008.88 75,988 .52 
Marsnalive. 2.2... 250 50 Ton LOY 2. 648 cD 1,200 Oe DOO OO Nascent e 7.348 .85 
Gh 836 | 4111 Won 10) (es. 40L 78 6,000 B22 500300) |e eeeerenes 30,901.78 
IN USSG She etl 225 ay || See cana 10 Se une 650 Yan aise: Saw at OA year ek Mee O72D9 25 
MEO RVORs DOOU Ee a TOS) LOM 16976). 72: 1,800 DO COU One eee eee ene 8,726.72 
Montgomery -_.__- 700 95 36 | 10 | 7,250.00 3,376 5 |12,660.00 |16,500.00 36,410.00 
iu Caton dsy ae ae Foto, Nee ele rare Ae ea ue 645 .86 550 Oa 2e4 7 5a O0 ih ease 8,120.86 
IMME aTere 8. BUOM ee ulate s 10 | 2,884.77 1,200 ESSA te RSF O OE OLON ened 2 (oe 6,884.77 
OVert eit, 5a i LOO Te eee ala a ae BO 10 | 7,054.14 3,500 eM Lea 2a OOS sree eee 20,179.14 
OIVETLON as. STS OM ete 2 nal he Sa 10 982.11 2,000 Birdie 2 hOOO Oise oa ae eee 8,482.11 
IbGELY eee feel A (0 ee ee Ree TOV TIE 0238262 1,200 Beh OOR On aes eee 0,523.62 
ere kethwees sso. =. DA Hts te een fe iy 486.48 700 (6) 19| eoyee Ra GUY OO WS RE ire fee 3,636.48 
Letts & 2. a ODIs ec ee 10 | 2,428.61 1,450 DW 4 nl sae oe eee 7,866.11 
jebi ets) 0s AO tet ol ack Soot 16 | 3,259.20 2,100 Sa, COUR) sae sane 15,859.20 
“uoty 60 342 LOM) sees 10 | 2,918.02 800 Oreo OOOR OO Mee ween es 5,913.02 
Cie! 2 550 Sella eee 10 | 3,081.00 2,000 ateys OO OU seen eee 10,581.00 
Robertson __._--.- TAO Gest Oe tee 10 | 4,500.64 3,600 Ole OVO O0es oats 18,000.64 
UEMeriOrd -. 0... 1,000 100 250 | 10 | 4,508.11 4 ,450 116, OS 7200n ls aateoersee 21,195.61 
Utes ee LOOT eee es ee 10 | 1,819.42 1,000 Ha ouOOmOUG | eee nas 5,069 .42 
Sequatchie ______-_ 110 LO Get 1b 483 .57 400 6? IS SOO SOOM eeu e aeons PDO Va 
SV Alon viele) 6 26 | 12 | 1,994.47 3,000 6 {18,500.00 |16,000.00 31,494 .47 
PEL yeeee 2,500 ASO ere see 20 180,492.17 8,925 Sloe sO FOO te aie ene 84,042.17 
hepicui lass.) 0) aa 570 190 ay fee a 2 Erk 0 & 2,000 CABO RS OO OER Se os 15,270.24 
SHE y Hie a 850 5 Ya (tad 2k oan 10 | 2,000.00 2,000 Os POU SOON ts ae renee 9,500 .00 
Sling, So OU pe ele a ME 10 | 2,091.62 1,700 DeteOgetee OOM seertaee ae 8,466.62 
RUAN tere Ce S LOO Hee. 10 |10,596.14 4,000 OL OOO ROOM Ss ae emremnes 25,596.14 
Tipe (ahel = 2 Fak DO | pa ge fe a pe LOD Sco neo 3,500 Sale OOO ROO xe erences 24,357.61 
erousaeale 2.2... 260 Spleen se 2 ee 22097 600 Oy 2a LOO OOM eaee mates 8,920.97 
LOPE EGE Ei BO alee a ee 10 460.81 600 EOIN lfctaaee Os CH DL eet een 2,710.81 
dint. 250 15 Ba a ye 600 .00 1,500 GriG. 7002009 ate eee 7,350.00 
Man Buren. 2... Ua Oe) | Sh ae Ae gd a re 12 228 .48 75 6 BaEOOME a ees 565 .98 
ernie) «ps 533 7 3 | 10 | 1,500.00 1,700 OnE Oise hrc) eee eee 7,875.00 
Washington ______ SO eee ee Ae OMe CHOSE MSA OSi. RO tL le nonce aan oem 13,659.40 
PViaWes 2 500 20) ieee eee LOW 35147 2,000 Dy 7 O00 O00 sae eens 8,851.47 
Weakley eo... LF Re hee, Se Pen PS ee 12 | 6,666.46 4,000 G38 O00; OO aa ee 24,666.46 
UNL fest Sev eG TOQUE See ee 10 | 1,118.60 2,400 O19 OO0GO0N tae ee 10,118.60 
Williamson .__.--- 700 50 | £150 | 12 | 5,847.60 4 O00; Gr LS, 000700 ee eee 23 , 847 .60 
ANOUEC 6h Sains ee aie 1,000 300 200) WED 10.223 64 2,500 Gale 2o0C00 eas ees 21,478.34 
Totals ss... 48,989 |2,511 |1,774 |__--|886,013.85 |217,511 |___.|892,635.75 |348,127.55 |1,621,777.15 











& Where figures are not given in these columns, no mileage has been reported. 
b Where figures are not given in this column, no expenditure was made from bond issues. 
© Includes 57 miles of toll roads. 
d Includes 41 miles of toll roads. 
€Tncludes 85 miles of toll roads. 
f Mostly toll roads. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $386,013.85 in 1904, the estimated cash value of the labor tax was 
$892,635.75, and the amount expended from bond issues was $343,127.55, 


ad a. - 
4 si hdl 
« Ln 
d Dec: 


making in all $1,621,777.15. This sum does not Sena ie eee ; 
expended on toll roads by the various turnpike companies throug rout ; 
the State. It will be seen from the table that the cash value of the — 
labor tax in each county is the product obtained by multiplying the © 
number of men drafted for road service by the number of days each 
man -is required to work per annum, and this product by 75 cents. 
By comparing the total expenditure with the total mileage of public 
road and with the population of the State, it is found that the funds 
collected and expended for road purposes, including the estimated cash 
value of the labor tax, amounted to $33.10 per mile of public road, or 
$0.80 per inhabitant. 
MAURICE O. ELDRIDGE, 
Chief of Records. 
Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., May 10, 1906. 
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MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 15,116 miles 
of public road in the State of New Hampshire. Of this mileage, 1,175 
miles were surfaced with gravel and 118 miles with stone, making in 
all 1,298 miles of improved road. It will be seen from these figures that 
8 per cent of the roads has been improved. By comparing the total road 
mileage with the area of the State, it appears that there were 1.67 miles 
of public road per square mile of area. A comparison of mileage with 
population shows that there was 1 mile of road to every 27 inhabitants, 
but only 1 mile of improved road to every 318 inhabitants. 


SOURCES OF REVENUE. 


The funds used in the construction and repair of roads and bridges 
are appropriated by the annual town meetings. The rate of road levy 
must not be “less than one-fourth of 1 per cent of the valuation of the 
polls and ratable estates on which other taxes are assessed by the towns.”’ 
Each town may raise as much more as may be deemed necessary “ pro- 
viding that no town may be required to raise more than $50 per mile 
for repair of roads and bridges.”’ : 

In 1905 the legislature enacted a State aid law providing for cooper- 
ation between the State government and the local authorities in improv- 
ing the main highways. An annual appropriation of $125,000 for the 
next six years was made to pay the share of the State in the improve- 
ment of these roads. Previous to 1905 all money expended by the State 
on roads in the various towns was appropriated for specified roads in the 
summer-resort districts. Except in one or two instances, the towns were 
not eres to contribute money for the improvement of State roads. 


1 This leaflet i is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. The information given in the table has been 
furnished by Mr. A. W. Dean, State engineer of New Hampshire. It is believed 
that these figures can be accepted as correct, and that they will form a valuable 
basis for comparison and for future work of this kind.—LOGAN WALLER PAGE, 
Director. 


9 | — 



































” ; oe 
' , , 
: ' 2 
Mileage and expenditures in 1904. ae 
Miles of public roads. Expenditures by towns and State. 
Road | 
‘ - Total Sur- |. Sur-, ra Total ex- 
County. of all | faced } faced levy Amounts | Amounts pended by 
: : : rate | expended | expended 
 .. -} pybjie) with with per | by towns. | by State.a towns and 
te gi | roads. | gravel.| stone. $100 : “aa Sta ; 
Pelinny os cSeet 792 80 10 || $0).576"| $54,764:.50)- 2 $54,764.50 
Garr OL eres = eee etn te ee 1,090 | 105 (») .603 | 41,101.52 | $5,225.00 46 ,326 .52 
Cheshine= hee) ee a eee 11am 120 20 4310 60.4199 16 4°. __- ee 60,199.16 
QOS ste ee ee ee ee ae 941 95 5 436 59,749 .56 5,075.00 60,824 .56 
(CU aia) see meee oe eee er eee. Lg | 227i 125 ay .467 | 90,912.22 6,400.00 97,312.22 
HIGSHONO «ese ALS ERS 2.463 260 28 sold. 12239) 676.017 250 .00 239,926.17 
NMenniniack<. 2-0 2-— oe ee 2,301 130 15 safe |) LOS, 800. Co 3,050.00 106,415.75 
GC KINe Aine ce eh 1,674 175 15 .390 | 110,139.97 14,009.00 124,139.97 
MUTA OTG Oo ee ein ne eee 934 40 af) .250 28,616.087>|- 2 eee 28,616.08 
SUL) RL oes es a a Delay 45 5 .459 44,0=1.42 10,000 .00 54,081.42 
TOUa hese es kee A tay KG Lea 1183) Scene ee 828 , 606 .35 44 ,C00 .00 872,606 .35 

















8 Where figures are not given in this column, no expenditure was made by the State. 
>No mileage reported. 





EXPENDITURES. 


The amount appropriated and expended by the towns for road pur- 
poses was $828,606.35 in 1904, and the amounts expended by the 
State in the various counties on State roads was $44,000, making a 
total expenditure by towns and State of $872,606.35. By comparing 
the total amount expended with the total mileage of public road and 
with the population of the State, it is found that the funds collected 
and expended for road purposes amounted to $57.72 per mile of public 
road, or $2.12 per inhabitant. | 

MAURICE O. ELDRIDGE, 


Chief of Records. 
Approved: 


JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., May 21, 1906. 


O 











United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 50. 


LOGAN WALLER PAGE, Director. 





PUBLIC ROADS OF MARYLAND: MILEAGE SNPEXPENDITURES IN 

ek eee or pgRICULTBNE y 

viidade Or, RoaDs, * * Z 
The accompanying table; shows thats} ti 19049Nbre deri, 773 miles 
of public road in the State of Maryland, of which 497 miles were turn- 
pikes or toll roads. Of this’ mileage;y 480 miles were stirfaced with 
eravel, 840 miles with stone} and 250: ‘miles. withshe oY aking in all 
1,570 miles of improved ronws AR/Will be seen from these figures that 
a little over 9 per cent of the roads has been improved. By com- 
paring the total road mileage with the area of the State, it appears 
that there were 1.7 miles of road per square mile of area. A com- 
parison of mileage with population shows that there was 1 mile of 
road to every 70 inhabitants, or 1 mile of improved road to every 

756 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The commissioners of each county have charge of the construction 
and repair of all public roads, and levy all taxes necessary for this 
purpose on the assessable property in the county. Reports received 
from the various counties indicate that a special-levy is made for road 
purposes in some counties, while in others the expenditures for roads 
are made from the general county fund. 

The statute labor system, which required all able-bodied male resi- 
dents in certain counties between the ages of 20 and 50 years to per- 
form road duty, was abolished several years ago. For this reason 
no information is given in the table regarding it. 

The State appropriates annually $200,000 for the construction of 
permanent roads according to plans and specifications prepared by 
the State geological survey, one-half of the cost to be paid by the 
State and one-half by the county. This law was passed by the general 
assembly in 1904, but as the act did not take effect until January 1, 
1905, no expenditures were made under its provisions during 1904. 
Therefore no information is given in the table regarding expenditures 
on such State roads. 








a This leaflet is one of a series issued by the Office of Public Roads, in which road statistics 
are given by States. The Department is indebted to the Maryland geological survey for 
most of the information given in the table, though a portion of it has been sent in by volun- 
tary county correspondents appointed by the Department. Every effort has been made to 
verify all figures given, and in many cases local officials having supervision of public roads 
or public records have certified to their correctness. It is believed, therefore, that the 
figures can be accepted as fairly accurate and that they will form a valuable basis for com- 
parison and for future work of this kind—Loean WALLER Pace, Director. 
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Mileage and expenditures in 1904. 
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Property tax. 








Miles of public roads. 
County. . | Total of | Surfaced | Surfaced | Surfaced Toll Road Total 
‘ all pub- with with with a g.a \levy-rate| amount 
lic roads.; gravel.@ | stone. | shells.a sac de per $100. |, expended. 
Cents. Dollars. 

AMSPANY.. ts. s-% at sn ieee 5 693.4 2 ete 60 Teese oy sols wees eee 13 30, 564. 59 
Ame eA TUNGel. 2 we ee clon ce oe 521 25 1 DAS Aleit 5, Fo 21-80 b 40, 652.53 ! 
PSA S. o deren Ceci e cree eee 1200 Wine ene es 310 110 154 25 206, 416.68 
(GEIS WE 6 Sot ied See eee gpa 335 G54 BS eee Pee: 2 el ee meee 19 5, 000.00 
Caroline cacti @ae tesco. LOG A eee eer Nee ern te SOR Pi ey ye 20 14, 311.41 
TET OM Ce reee Oe ieee eho nes S009) S22 seems AD ee eee oe 30 15 32, 137.92 
era: 22a ests toe PE os 638 10 5 2) Seem res (¢) 47, 184.51 
(he ricsee. teed ae ee 465 TOO |e ke «Svea A pee Se cee 1.3 11, 000.00 
Dorchester: © occa + B10) [242 ceetaee Se See: | 20 NS AEN hae (4) 25, 434.70 
Tihs Cts) fel Spedaiey ipa’ Strangely eee 1 oe ee kak cee 130) Ieee he 129 9.7 42, 473.68. 
Garrethiiy gs: fee a et O40 Wie cee De te ts elle oe eee 18 19, 468.25 
PUB TIORG Ae ie coer eee et 830 200 50 | 5 8 ps 43, 200.00 
EL OWal sates Soe cons ters 448 5 AS eee 35 1529 20; 776.19 
USOT ee ween 8 el fete ils ADT Nl See eee Seren 3 Dill eee (¢) , 000.00 
IMOmty Omany Ieee ete Sse ce SS0u er eke pee ABQ Ren cee 37 15 e 32,048.19 
erince Georges a2. e. see 892 SOR See eee Ale 2 eee cer eee eee 20 23, 596. 36 
UCC EA TMG evehe Leo ok. SSOi| Sareea See See ee Ree Sa Me See (d) Ff 38, 480.00 
SLD ge) a gaa a Se a mae 602 A SUS FA tee SiGe Sees 84 5, 668.35. 
SOIMGrSet se 282 2 See so Be DLO hee eee eee oe BUN heat 8 < dys be (cy 8, 774. 57 
PLALUOG sh ce5 en Mae ASO) Shame oeecrue | is Bae 2h) di Avett ae (¢) 15, 545.28 
Wieisining bon eee. hres Shoo (GO| sa ee tee IW fn heap peo des 104 (c) 27, 408.01 
WHCOMMICOLP ee sete timo. eS SO5 ee et cals a eee LO Sears eae (d) 11, 329.28 
OVOOTOCRLELY oF 4 tes 2 eek oe 8324 Le eR SA ee PED Reet Cea eee 20 12,000.00 . 

(Dobase. woe ct soe oe 16,773 480 840 250 497) \ ee ee - .733, 470. 50 - 
Mermmred annual amount paid in tolls. .....2-4..-<2-<---s-ncestaeereneede ase e - 140,000.00 

ASP LOCAL. oo as «waitin eS nin Cs nile Sop Qe cial oe EAS is ha ee ieee fe 873, 470, 50 


























a Where figures are not given in these columns, no mileage has been reported. 


> Includes $4,910.78 for large bridges. 


¢ No levy reported. 


¢ No separate levy made for roads. 
e Includes $11,000 for large bridges. 
f Includes $19,000 for large bridges. 


EXPENDITURES. 


The total amount expended by the counties for road purposes was 


$733,470.50 in 1904. 


To this should be added $140,000, the average 


annual amount paid in tolls to turnpike companies, as estimated for 


the years 1895-1898 by the highway division of the Maryland geo-. 
logical survey. The total cost of all roads for the year 1904, including | 
this sum, amounted to $873,470.50. 


By comparing the total amount 


expended with the total mileage of public road and with the popula- 
tion of the State, it is found that the funds collected and expended 
for road purposes amounted to $52.07 per mile of public road, or 


$0.73 per inhabitant. 


Approved: 
JAMES WILSON, 


Maurice O. ELDRIDGE, 


Secretary of Agriculture. 
Wasuineton, D. C., May 29, 1906. 


O 


Chief of Records. 
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ae ROADS OF MAINE: MILEAGE AND EXPENDITURES IN 1904. a 
MILEAGE OF ROADS, 


The accompanying table shows that in 1904 there were 25,528 miles 
of public road in the State of Maine, of which 2,236 miles were sur- 
faced with gravel and 87 miles with stone, making a total of 2,323 
miles of improved road. It will be seen from these figures that 9 per 
cent of the roads has been improved. By comparing the total road 
mileage with the area of the State, it appears that there was 0.85 of a 
mile of public road per-square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 27 
inhabitants, but only 1 mile of improved road to every 298 inhabitants. 


SOURCES OF REVENUE. 


The necessary funds for making and repairing highways, ‘‘ town- 
ways,’’.and bridges are raised by the voters at the annual town meet- 
ings in March. These funds are assessed and collected in the same 
manner as other town taxes, and are expended by the road commis- 
sioner or commissioners, or by the selectmen, as each town may 
determine. 

Towns establishing State roads may receive State aid to the extent 
of one-half the amount devoted by the town to the permanent improve- 
ment of such roads. Under the law in force in 1904, no town could 
receive from the State a greater sum than $200 in one year, but in 1905 
this limit was raised to $300. In order to secure this State aid the 
town must before September 1 (date changed to October 1 in 1905) 
have raised and expended in the improvement of such State road, in a 
manner satisfactory to the county commissioners, at least $100 over 
and above the amount regularly raised in the town for highways and 
bridges. 

a This leaflet is one of a series issued by the Office of Public Roads, in which road statistics 
are given by States. The Office is indebted to Hon. Paul D. Sargent, State highway com- 
‘missioner of Maine, for much of the information contained herein. Mr. Sargent is of the 
opinion that the figures relating to total mileage and total expenditures for all highways can 
be relied upon, but that some errors may have been made in reporting improved roads and 
expenditures by towns. If errors have been made, Mr. Sargent says that they are the result 
of careless methods of keeping the records, and that some city or village streets may have 
been inadvertently included in the mileage of improved roads. Even if slight mistakes of 
this kind have been made it is believed that the information as a whole can be accepted as 


fairly correct and that it will form a valuable basis for comparison and for future work of 
this kind.—Logan WALLER PaaeE, Director. 
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The State has also, by legislative enactment in specific cases, 
assisted the poorer towns and plantations to build roads and bridges. 
In the last twenty-five years such State appropriations have amounted 
to a total of $176,830.29. For the year 1904 the amount was $11,400. 


Mileage and average annual expenditures. 





















































Miles of public roads. Funds collected and expended. 
Amount | Amount 
Average | ¥ Total 

Paant Total | Sur- Sur- ee annual pees on amount of 

aerkies of.all | faced | faced | jogq7_ | expendi- | ton, | state | expendi- 

public | with | with rate tures on on State Lom Stee tures for 

roads. | gravel. | stone.a per $100 town roads, rads Ponds all high- 
1901-1904. 1904. 1904. ways, 1904. 

Cents. 

Androscoggin......-- 1, 352 196 theLh 38 | $108,351.25 | $754.43 | $751.35 | $109, 857.03 
FATOOSLOOKS- ner er eee OAS 116 5320 58 93, 372.22 | 5,493.43 | 4,100.00 | 102, 965.65 
Cumberland=---.- 2. -- 2, 381 A230 go. 10 30 | 246,376.99 | 4,046.80 | 1,599.40 | 252,023.19 
Rrarikdineeyecee cee se 6 1, 120 OTA eee 50 46,023.26 | 1,386.46 | 1,140.00 48, 549.72 
Ha neOGkesce ee eee oe 1, 504 Solon 45 81, 567.13 | 2,728.74 | 2,029.28 86, 325.15 
Kennebecs fo) fy Sea 1,824 itil) bed 40 | 180,543.65 | 3,389.74 | 2.594.03 | 186, 527.42 
Kan Oka ee soci 816 57 1215 30 47,786.59 | 4,032.46 | 1,875.00 53, 694.05 
1 Dinavere) bole eae k SR 887 15 2.0 47 35, 030.65 | 1,257.12 857. 50 37, 145.27 
octondeers. meee eo 2, 302 181 1.0 52 81, 028.68 | 5,797.10 | 2,597.07 89, 422.85 
Penopscot {o2:=3..550-% 25060 336 125 37 | 134,023.90 | 6,816.26 | 4,464.67 | 145,304.83 
PISCHLACMISEs cs oes > ss 888 20 {Peers 53 35, 574.28 | 2,684. 47 | 1,893.55 40, 152.30 
Sree OCoee eee ee. 548 14 a20 34 36, 331.29 | 2,118.82 | 1, 400.00 39, 850.11 
Somersche cece ass. 1, 930 148 3.0 52 81,504.33 | 2,549.09 | 2,260.99 86, 314. 41 
VV EnICO Saree Serene. sae 1, 448 Al. aes oe 54 53,013.08 | 3, 349.66 | 2,800.00 59, 162.74 
Washingtone.--.--.-- 1, 338 211 HAV 42 53, 471.82 | 1,405.00 | 1, 405.00 56, 281.82 
WOE ps oe ae 2, 308 187 3.94 37 | 118,197.02 | 2,502.49 | 1,717.65 | ily 4ivete 
eG Gal eee seve 25,028 | 2) 286°) 87-54 .40 1,377, 196.14 |50, 312.07 33, 485. 49 |1, 460, 993.70 
Special State aid to various towns and plantations not included in the above............... 11, 400.00 
Grand COCR. 2c pate oe ee eee ce ee Tee eet ean iS eee Te TS Te Te ee 1, 472, 393.70 





a Where figures are not given in this column, no mileage has been reported. 
EXPENDITURES. 


The average annual expenditure for town roads for 1901-1904 was 
$1,377,196.14. The amount expended on State roads by the towns 
in order to receive State aid was $50,312.07 in 1904. The amount 
expended in the various towns by the State was $33,485.49. The 
total amount expended therefore by the towns and by the State, 
including the State’s special appropriation referred to above, 
amounted to $1,472,393.70 for 1904. By comparing the total 
expenditures with the total mileage of public road and with the 
population of the State, it is found that the funds collected and 
expended for road purposes, including roads, bridges, sidewalks, and 
snow expenses, amounted to $57.67 per mile of public road, or $2.12 


per inhabitant. 
MauricE O. ELpRIDGE, 


Chief of Records. 
Approved: 


JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D. C., June 1, 1906. 
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United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS—Circular No. 52. 
LOGAN WALLER PAGE, Director. 
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PUBLIC ROADS OF NEW MEXICO: MILEAGE AND EXPENDITURES IN 
1904! 


MILEAGE OF ROADS. def 


The accompanying table shows that in 1904 there were 15,326 miles 
of public road in the Territory of New Mexico, of which only 2 miles 
are reported to have been improved. By comparing the total road 
mileage with the area of the Territory, it appears that there was .12 of 
a mile of public road per square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 12 
inhabitants. 

SOURCES OF REVENUE. 


The boards of county commissioners are authorized to levy a road 
tax on all property subject to taxation in the various counties of not to 
exceed one-half mill on the dollar in any one year. Upon the petition 
of a hundred voters and tax payers, the board of county commissioners 
may levy in addition a special tax for road and bridge purposes of not 
to exceed one and one-half mills on the dollar on all taxable property 
in the county. 

_ Every able-bodied male resident over 21 and under 60 years of age is 
required by the road supervisor of his respective precinct to perform 
not less than two nor more than five days’ labor on the highways 
annually, or, in lieu thereof, to furnish a substitute or pay to the road 
supervisor the sum of $1 per day for each day he is required to perform 
such labor. 





1This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As scarcely any reliable information of this 
kind has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparisons and for future work of this kind.—LOGAN WALLER PAGE, Director, 
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Mileage and expenditures in 1904. 









































Expenditures in money and labor. 
Teal Property tax. Labor tax. 
miles of | z : Total 
County. public Road Mtoe Num- amount of 
| roads, {levy amount | ofmen.| Pet of) Vv aeieme property 

rate nr tay SaMiEGE days | tax at $1 | and labor 

per : egies per per day. tax. 

$100. me || Angus hay 

Benne Oe se eee 140 | $0.05 $1,037.40 7,500 5 $37,500.00 | $39,037.75 
IVA VES ve eee cle ee oe &3,000 mss AN NOME eel 1,500 a 4,500.00 bo ee oP 
Goliaxwe 2 sank Oe 430 ee Be Otueee 3,000 2 6,000.00 LG, 
DOMASAT Areete es 562 .025 b~99 35 2,484 3 7,452.00 pharisi heats 
TENG IG hy ePiy ec 0 eo een fae aet AF Dy ieee nae oe 2,370.00 1,800 3 3,900.00 6,270.00 
SCH bes eer. eee urea al 594 .05 1,400.00 1,500 2 3,000.00 4,400.00 
Guadaloupe... 2.--_--<._. 1,000 (€) 600.00 1,110 3 3,330.00 3,930.00 
inecoinwet-a2e eee | 400 (Cc) 1,156.00 1,400 i 4,200.00 5,356 .00 
UTS ge Re UA ey alt oe Oe 432 BOS 307 .00 750 oD 1,500.00 1,807.00 
NG Ine se Sees 550 .20 871.80 (c) (c) “ght eee 871.80 
VEGI ee eee ae. Seen le 500 10 604.87 2,630 5 5,260.00 5,864.87 
COLOR Omer 8 Ses ae eS 104; (¢) 7,000.00 1,500 5 3,000.00 10,000.00 
Oui vee eet File (d) ee LUee  e  e 
RIOPARI TO ee een 530 .10 1,560.00 2,700 3 5,400.00 6,960.00 
IOOSOVeGliAe ene a 500 (Cc) (Cc) 900 5 4,500.00 4,500.00 
SRG leer ewemie. | LS 500 .05 600 .00 1,352 4 5,408 .00 6,008 .00 
SAT An ee eee oe et 160 lis; 744.29 700 | 3 2,100.00 2,844 .29 
site ayn Bkeg We Wk ay soe eke Owen 1,000 .05 1,000.00 2,500 3 7,500.00 8,500.00 
SNP OILIfS Wed Ci 29 a ee par 105 (¢) (¢) 2,500 2 5,000.00 5,000.00 
DIGrrA Set ee 494 .05 621.96 500 3 1,500.00 2,121.96 
NOCOLT Om aaa ea 2,500 .05 3,000.00 De pies 24 5,444.00 8,444.00 
LAOS een ee ae Pe 300 .05 296 .22 1,400 Delis 3,500.00 3,796.22 
PROLELAT CO see ee an (¢) |. ey. eee ee. Leo 
OO 1s serra a ee eee ve 350 .05 606.43 1,050 4 4,200.00 4,806.43 
WIS eNCin suas. seme eee 700 (¢) 978 .40 2,000 3 6,000.00 6,978.40 
Ota eee ak 1D O20N) eee eee 35,457 .56 AD 998" ne eee 150,194.09 165,652.56 























4Tncludes 2 miles reported to be surfaced with gravel. 

b This is for the salary of road supervisors. 

¢ None reported. 

dA report from this county indicates that no roads have been laid out and that there is no 
road tax. 

©This county was not organized until January 1, 1905. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $35,457.56 in 1904, and the estimated cash value of the labor tax 
was $130,194, making a total expenditure of $165,652.56. By compar- 
ing the total expenditure with the total mileage of public road and with 
the population of the Territory, it is found that the funds collected and 
expended for road purposes amounted to $10.80 per mile of public road, 
or $0.84 per inhabitant. 

MAURICE O. ELDRIDGE, 
Chiet of Records. 
Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., August 1, 1906. 


O 





United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 53. 
Log ORAILER | PAGE, Director. 
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The accompanying table Anat Ubi | 1904 ere were 99,777 miles 
of public road in the State of Pennsy Nala, “Of this mileage, 9 miles 
had been surfaced with stone under the direction of the State highway 
department, 1,051 miles surfaced with stone by the various counties 
and townships, and 1,101 miles more or less improved with stone or 
gravel by various turnpike companies, making in all 2,161 miles of 
improved road. It will be seen from these figures that 2.1 per cent of 
the roads has been improved. By comparing the total road mileage 
with the area of the State, it appears that there were 2.21 miles of pub- 
lic road per square mile of area. A comparison of mileage with popu- 
lation shows that there was 1 mile of road to every 63 inhabitants, but 
only 1 mile of improved road to every 2,916 inhabitants. 

TAXATION FOR ROAD PURPOSES. 


The township supervisors are authorized by law to levy a tax of not 
to exceed 10 mills on the dollar on all personal property, trades, and 
occupations for the purpose of constructing and repairing roads and 
bridges. In 1905 this law was amended so as to permit an increase of ~ 
10 additional mills. Each township may levy a cash road tax, incur 
indebtedness, or issue bonds according to the methods prescribed by 
law to defray its share of the cost of State-aid roads. 

There is no statute labor law in Pennsylvania, as there is in many 
States, providing that all able-bodied male persons between certain ages 





1This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. The information given in the table has been 
secured from voluntary county correspondents appointed by the Department, 
from the report of the State highway department of Pennsylvania for the year 
' 1904, and from the report of the secretary of internal affairs of Pennsylvania for 
1904. Every effort has been made to verify all figures given, and the Depart- 
ment is indebted to the State highway department of Pennsylvania for valuable 
assistance rendered in this connection. It is believed, therefore, that the fig- 
ures can be accepted as fairly accurate, and that they will form a valuable basis 
for comparison and for future work of this kind.—LOGAN WALLER PAGE, 
Director. 


be required to work upon the roads a given number of days each year. ~ 
The whole or any portion of the township road tax referred to above 

could, however, be paid in work previous to 1905. In that year the — 
legislature provided that any township which abolished the working out — 


of the tax and which required the same to be paid in cash should 
receive annually from the State 15 per cent of the amount of the tax so 
collected. 

According to the act of 1895, commonly known as the Flinn law, the 
county commissioners may levy a tax of not to exceed 2 mills on the 
dollar upon all real and personal property in the county for the purpose 
of improving important county roads. Only two or three counties have, 
however, availed themselves of the provisions of this law. 

In 1908 the legislature past an act which provided that the State, the 
counties, and the townships might cooperate in the improvement of the 
principal highways, the State to pay 66% per cent of the cost, the county 
16%, and the township 16%. These proportions were changed by the 
act of 1905 to 75 per cent by the State, 124 per cent by the county, and 
125 per cent by the township. All State appropriations must be appor- 
tioned among the various counties or townships according to their total 
road mileage. The act of 1903 also provided that any county construct- 
ing county roads under the provisions of the act of 1895 (the Flinn 
law) should be entitled to the same amount of State aid as if the roads 
had been constructed under the State-aid law. If State aid is desired, 
however, in the reconstruction of such roads, the work must be done 


according to the plans and under the direction of the State highway . 


department. oot 

The State pays one-half of the annual cost of maintaining roads which 
have been improved under the direction of the State highway-depart-. 
ment, or such other roads as have been improved according to the 
standards of the State highway department. Moneys paid out by the 
State for maintenance must, however, be apportioned among the vari- 
ous counties or townships according to their mileage of improved roads. 
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Miles of publie roads. 











Crawford 


Cumberland 


Dauphin ~ 
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Fulton __- 
Greene 


Huntingdon 


Indiana 
Jefferson 
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Montour _ 


Northampton 


Northumberland _-_ 


Perry 


Snyder___ 
Somerset 
Sullivan _ 
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Surfaced with 
stone. 
Plover 
road ' Toll 
mile- With | Without roads.® 
age. State State 
-aid.® aid.® 
Lee ee gah Sg fo a 73 
PASO ates sete os 96.10 19 
ALS aap ese | Pree Pees ie 
URS AE Ne SS NN NE i are sl a RR NP Se 
TOO ee aoa. Leah Se 9 
ORAT Ge |e Seb oe 4.20 27 
SSO Mp Gee sites Ley 24 
2) S100) | dee ae lai Decl A ea | live} ad gt 
2,309 2.58 2.87 127 
PAD ODN ese eh oe Se 14 
TR ASS), | LR a ape Nea oer 10 
LO Galea eee eee Ve kre were ei eS 
TAU? lke soe eek SIIERR eto ts EG (EGE SE 
PAL LOR ees aoe eee ee 31 
DPT OO dee. one 141.35 65 
TES ANP Rll ae ss 2 UN hes ae aS ee 
Pal T21S) jal RT NE 9 | ae See 
626 OF S6y| Senet are Tea oe 
La nee een ye ee Le pie 
2,046 TRAST ieee ce Aiea | om Pes 2 
VAS Lie et 2s) ee 43 
1| 331 Cu lie os rae Ee a a 2 
580 07 200. -OD peas ee 
GOO S| sees eee Oh et at ei SANS 
MOOR eaters Lee tenia. eee ae 
SS vee ee eee ee Sh AD 
BOOM Ee oe ee eee eee 35 
1yS7 ABH oe ote te ra tee Re 86 
sia eee eae el pen ees UE lee 22 
ee 90n peedee ss 2 OU aaa 
1,982 0.53 Te Pitta Pi aeee Bh 
Diy Cee Ae a Oe SO ales ee 8 
REGO Gm eee eerie | eee ee ol eee ere 
VAQ arte ea ee eee oa BS 
HOS 6 eee eee eee eee 5 
Shep e Wl Daaese 9 SE ae 31.50 141 
911 ORO 2e moses een core wees 
SS PAF [isc ee J kage es, A 5 ae 35 
By fC als ea 5.00 24 
2 ORO Ate cme 16.00 25 
Ue Gms eee eee: eee ee Uc ree 
SOU NSS dt se Sie es oR ae RE ey on (ge a 
Baty pay |e, S rae | eine ai a mee 2 
AOS ime eee heed yo kee) ike 9 
ROOTS a eee eer ee ee Ce | a re 
BU S075 13) 4 eR Sh oa 240.41 104 
SO Ae mere eee eer we ore et 
1,103 0.26 20 00 Meee m= 
1,308 ORO pias eee eee 15 
ga CCS ee ee eer |e eee 
POOP teen cet PLO ICO) || see oven 
(RUE Il ao a BOE OR ae Chae ie See 
WU TUBS He Mi gee oe oe an (ON I 
MEO OC pee ee eee el eee 
890 OPA Bis (Bete Be Ae oR at Bice | 
OO eee eet cote A SL | 3 
Ay Ee NA ene 18 
eS M's nell te eee ee ee a en ene | a 
Bu DY Ap ie ot Bp ws gE av dace dal ie ee 
“5434 eh ea Se | dae 16 
(St Sh SO ey 2 i ee et 
Ele QU ae eee oe ee eee 
2; GOSMS ees 12.00 50 
fe ere See ee Meee eee 
Bo Gol maiaes oF 12.50 7 
PST || |e Seen fae 5) cae ee (aes melee 
Be G6Guim le 1.20 68 
99,777 O7O5 in, 050.58 1,101 
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Mileage and expenditures in 1904. 


Expenditures by townships and State. 

















Be State 
y : or re- 
ships and Ry State cat oe 
counties atl State - eae! y Total ex- 
seve tere Sodaee town: penditures. 
: ship im- 
bridges. proved 
roads.» 
Dollars Dollars. | Dollars. | Dollars. 
OOS 20 ile. ee sae a ee 29,281.29 
20 IWA2G 622) |e Sees 12,460.41 273 , 886 .63 
TD T SOAS Meteee A Seas la ee eee Lb 7 Soeao 
Bo DOO ail ees oes ewe eae 42,750.92 
BOROADIOOn |e eee oe ee eee 36,345.88 
EV ASF LA ayers fl Ph), 2 MA om NS 210.00 152,915230 
44626264 ae Sr ee 44 ,626.26 
142022: 70s 2 pea. cet eee 142,022.70 
ORDO Te O Lehi rOo Lionas ae 111,039.34 
OS O0S9 -OOnl =a ee SIE erat eee 76,6389 .38 
BZ ALZ POO Ore ar |b eens s eae 82,221 50 
bedi ter UNO DAM eet cet oes ieee oe era 3,844 .02 
12°88 1-49. pears oe Se ee 12,881.49 
CDROM ESTP AOR (Ss ee ten Seat ee S|) eee a 42,273.29 
1742234 60 eee ee 6,160.75 180 395.35 
yA 14 COS seen eo wea | ee Segre 51,414.03 
99/2304)-49. [8 ee =i Ae vie 99 304.49 
BA D2) DS Nora ted. Mees 37,931.12 
84°686..75 iene os oe ee eee ere 34,686.75 
LOSOGG 2a ae Od. Leen se ees 84,659.27 
ANS SOL. 85). 5 eee ee eee ee we 41,304.85 
AQ AGG t4 Hehe Tote a eee eee 49 406.45 
107,016.04 |10,255.04 |10,734.22 128 ,005 .30 
ASU AN 00) (Peek! 2 ONE | ein el ees 43,414.00 
BL 489 BOE eee eee re ee 87,489.88 
159 0922 OG iis wah es ee GIR ee 159 , 292.09 
DTS Ree ers Ee a eens ee 27,732.88 
40.76.14 01> eee ee | oe Sees 40,761.77 
Orid baal hak ee eee 9,541 .54 
19,610,000 =e sock 265.10 79,941.66 
38,188.72. 45 790elD 120.00 388,105.87 
flO yg Aa: P| Ce A I ye le NP GIST eae 
HOCOTSS DT Mie eee toe a ee ee 50,914 .21 
DASE GO ao ee | Soe 21,434.60 
LSA OSU ATT le sees ees | ane 18,081 .47 
1 Lo 6} ay) *: Nh bs eee 800.00 136 , 969.41 
Whee OU leotay || CAPER Sy) lc Re 42,046.52 
DS DIO Oma oe ee nA 54,609 .23 
69724735070 "aoe oe eee eee 69,473.70 
Tho LOO 4S ea cee eae oe oe ee 77,180.48 
Sea 2k OO Nee ee eee 58,421.99 
082963283 aie ae ee lee eee es 63,964.83 
GS OOS aie sae bo eae ee ene ee 68 ,620.93 
BAKOOS SONS eo ee we ee Sees 52,5638 .69 
OG SOS S60 Ke ee ees eee 26,803 .86 
Pe oinbot Upas0). Iles Se eS 16,588 .05 275,418.41 
LOZ1T9S :5bs sees aN eee eee 10,198.55 
61,111.63 | 7,648.54 | 2,759.69 71,519.86 
26440240 onGos coon ee eee 59,798.72 
O41 Boe eee ee See ees 24,119.52 
2647007200 eset os ae eo enes A} 264,007.00 
AYA 13239 Meee ee See ee 4,473.33 
D0 8740 TAG eee |) ae eee 29,742.74 
SOFLG0), GF eee ee a oe eee 80,460 .94 
22/159)02 715.940.4265 tee eee 26,099.48 
LeU SROs ens eet eee oe ee 78,058 .93 
SOLTOO SSO Rees eae Le ee 2 ee 30,709.39 
DOO) G20 ee eee al anes 56,641.62 
DPA HOE LSet |e aera ale ill, BE ae Oe 92,824.82 
U7 BOS 2S oe i Ne es Hee 17 ,868 .28 
60, 518605) a eee eee 60,518 .65 
54. 588275 lee ae ni ee eee 54,588.75 
CT Oth eh Ole ee ee eee | ee gee 278,515.96 
48741 SOD lec eee ae on eee 48 ,418 .53 


179,310.48 
19,760.83 
81,723.56 





4,759,499.16 
| 























77,774.80 





49,991 .72 








179,691.73 
19,760.83 
81,723.56 


4,887 ,265 .68 











® Where figures are not givenin these columns, no mileage has been reported. 
> Where figures are not given in these columns, no expenditure has been reported. 
¢This amount includes $100,000 expended on county roads under the Flinn law. 
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| EXPENDITURES. ies: 
The amount expended by the townships and counties for roads and . 
bridges was $4,759,499.16 in 1904. The amount expended by the State 
in the various counties on State roads was $77,774.80. The amount 
expended by the State for repairs of improved roads in the various 
counties and townships was $49,991.72, making a total expenditure by 
townships, counties, and State of $4,887,265.68. This does not include 
the amounts expended for the maintenance of toll roads. By compar- 
ing the total amount expended with the total mileage of public road 
and with the population of the State, it is found that the funds collected 
and expended for road purposes amounted to $48.98 per mile of public 
road, or $0.77 per inhabitant. 
MAURICE O. ELDRIDGE, 
Chief of Records. 
Approved : s 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., September 1, 1906. 
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PUBLIC ROADS OF MONTANA: MILEAGE AND EXPENDITURES IN 1904.! 










MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 22,419 miles 
of public road in the State of Montana, of which only 65 miles are 
reported to have been improved with gravel. By comparing the total 
road mileage with the area of the State, it appears that there was 0.15 
of a mile of public road per square mile of area. A comparison of 
mileage with population shows that there was 1 mile of road to every 10 
inhabitants, but only 1 mile of improved road to every 3,743 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


There must be raised and collected for road purposes on the taxable 
property in each county not less than 1 nor more than 3 mills on the 
dollar. <A special road tax of $2 is also levied on every male citizen 
over the age of 21 and under the age of 50 years. The road supervisors 
are empowered to collect this special road tax in cash in all cases where one 


_ day’s road labor of eight hours is not offered.. These provisions do not 


apply to incorporated cities or towns which levy and collect taxes for 
road, street, and alley purposes. 











1This leaflet is one of a series issued by the Office of Public Roads, in which 


: road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 


Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 


_ the public-road records have certified to the correctness of the figures. Never- 


theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and for future work of this kind.—LOGAN WALLER PAGE, Director. 
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Mileage and expenditures in 1904. 





ao kis Rae Expenditures in money and labor. 
Property tax. Labor tax. 
Sur- 3 
Total Total 
of all sale oes Number | Value of| Property 
public | oravel.| rare | Amount | ofmen | tax at and 
roads. (a) pale of tax. subject | $2 per | labortax. 
$100. to tax. poll. 
Cents. | Dollars. Dollars. | Dollars. 
WOO s|2eeee LS 16,231.62 778 1,556 17,787.62 - 
b500 1 20 3,649.76 650 1,300 4,949.76 
122004 ees 30 10,578.82 1,500 3,000 13,578.82 
1250 |) eee 20 | ©18,000.00 43,000 6,000 24,000.00 
©] bbOw =~ 26 See 10 2,648 .00 3,000 6,000 8,643.00 
LOO seer 15 6,982.00 1,449 2,898 9,880.00 
LAH O|Se Se ee ie 10 6,062.10 1,200 2,400 8,462.10 
200 cae 15 688 .00 450 S00 1,588 .00 
2 OOO i en a eee 20 14,000.00 2,500 5,000 19,000.00 
TL O00 sh eee 30 28 ,410 .23 4,000 8,000 31,410.23 
£22000) |Reeee eee 25 20,000.00 2,200 4,400 24,400.00 
SOOT eae 25 5,813.00 445 890 6,703 .00 
D035 Sees 20 11,343.00 eG 2,460 13,803 .00 
TeLOO 20 20 10,049.84 243 486 10,535.84 
2,000 Pas: 30 18,600.00 1,800 3,600 22,200.00 
AVS Jie eee 10 3,238 .00 600 1,200 4,433 .00 
700 (b) 20 Les alas Ae) 4,000 8,000 Ope Lb eeo 
HOGM Sa ee ee 20 PUVA Latah 738 1,476 8,497 .57 
DeOO0 mca wees 20 6,215.57 494 988 7,203.57 
276 10 30 17,000.00 2,000 4,000 21,000.00 
£2000 lena eee 15 5,985.31 500 1,000 6,985.31 
aL 2 Fy or oe eee ee 15 D4 eelOelo 10,000 20,000 74,276.75 
400 10 20 NS, FOLIA GD, 1,100 2,200 7,955 .00 
OL ieee ee 20 10,322.63 700 1,400 115722368 
ean UOiie aoe ke 10 8,000.00 1,500 3,000 6,000.00 
670g eee 20 LO Oumar 1,600 3,200 13 , 967 .82 
22,419 OD u eee 308 , 743.81 47 ,677 95 , 354 404,097.81 
























































a Where figures are not given in this column, no improved roads have been reported. 

b Reports from this county indicate that roads are naturally good. 

¢ Of this amount, $3,700 was for bridges. 

dEstimated from the census of 1900. 

€ About 1,000-miles of which huve been graded. 

f Roads in this county reported to be very poor, owing to the roughness of the country. 

& About 75 miles of gravel roads and one-eighth mile of macadam reported, but from other 
reports it appears thatthe gravel roads should not be classed as improved roads. 

4 Reports indicate that there are several miles of natural gravel roads in this county, 

1A levy of only 5 cents on $100 is assessed because of the fact that the greater part of the valua- 
tion of the county is within the city limits of Butte. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $808,748.81 in 1904. The cash value of the labor tax, estimated 
on the basis of $2 for each day’s labor performed on the roads, was 
$95,354, making a total expenditure of $404,097.81. 
the total expenditure with the total mileage of public road and with 
the population of the State, it is found that the funds collected and 
expended for road purposes, including the estimated cash value of the 
labor tax, amounted to $18.02 per mile of public road, or $1.66 per 


inhabitant. 


Approved: 


JAMES WILSON, 
Secretary of Agriculture. 


By comparing 


MAURICE O. ELDRIDGE, 
Chief of Records. 


WASHINGTON, D. C., September 25, 1906. 


O 








— | , 3 oj or te, 
_ United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 55. 
LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF WYOMING: MILEAGE AND EXPENDITURES IN 1904.! 


MILEAGE..OF ROADS. 


The accompanying table shows that in 1904 there were 10,447 miles 
of public road in the State of Wyoming. Reports received from the 
various counties indicate that there are very few, if any, improved stone 
or gravel roads in the State outside of Yellowstone National Park. 
Filty miles of gravel roads are reported from Uinta County; but in view 
of the fact that no cash expenditure was made for roads during the 
year 1904, it is assumed that these are natural gravel roads. A report 
received from Yellowstone National Park indicates that there are 153 
miles of improved gravel-macadam and gravel-telford roads within the 
park. These roads are built and maintained by the National Govern- 
ment. By comparing the total road mileage with the area of the State, 
it appears that there was one-tenth of a mile of public road per square 
mile of area. A comparison of mileage with population shows that 
there was 1 mile of road to every 8 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The funds used in the construction and repair of the roads in each 
county are appropriated from the general county fund, which must not 
exceed 12 mills on the dollar for all purposes in any one year. 

In counties. which are divided into road districts the boards of 
county commissioners may require all able-bodied male citizens between 
the ages of 21 and 50 either to pay a special road tax of $2 or to work 
one day upon the public roads annually. 











1This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveved or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and for future work of this kind.—LOGAN WALLER PAGE, Director, 
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Mileage and expenditures in 1904, 
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Expenditures in money and labor. 






























































t Total Property tax. | Labor tax. 
: miles of | ~ wo Total 
County. public Road | Number property 
road. |leVY—| amount | of men | Y#lUe Of] and labor 
| rate ay caer tax at $2 tax. 
| of tax. subject Z a 
(i epersy to tax! 7e poll. 
| bag | ry | 
| Cents Dollars. Dollars. Dollars. 
ANTV OTH Ob ASS 2 Sef ae A eta eee eee | 949'| (9%) | 16,000: 00 (») eee ee 6,000.00 
ITT 2 Sibel Pee a a 1,000 | (¢) (©) 800 | 1,600 1,600.00 
EEG bey ety aah nak pee nome ae 200 EUS (¢) | (5) | 
OOH VET RC ne aertts core ow ee A eee | 600 20 Rien: oe. 00 | (b), | oo ett ee 5,000.00 
Secreta eee | Scat yt eee 396 91 | 4,979.37 | 600 | 1,200 6,179.3 
PCO Ae ei oe cae ek Ah | 1,600} (8) | 3,000.00 | 510 | 1,020 4,020.00 
TSC eee bees SL Aad ape Me pe Fhe 600 | (8) | 8,633.40 | 511 | 1,022 9,635.40 
Pie Bia Oe de 1,728 | ((9) |. 28,759.63 | °(P) sce 23,759.63 
UL 2 ea aaa ee Aen baa ey! | 160 | (#) | 3,000.00 465 930 3,930.00 
Siveiats Chil Lee a er ee ee ete scare | 1,200 20 | 13,000.00 | 2,000 | 4,000 17,000.00 
Sweetwater ______.- eee re see | 4420 7s)" 3500000. “(Co)” | eee 3,000.00 
OLS, ha A AE | €1,000; (e) | (€) — | * 5,000] 10,000} 10,000.00 
Va OSH EO Wa ee I i a RS Rp ieee Soo | 20 (AF ieemesd ec LOdtos $42 | 1,684 5,787 .3p. a 
Yellowstone National Park.__..___- | £904 4 Wl) i 250,000.00 1. = 2 eee Bese oe 250,000.00. | 
| ee — o 
ARO EGE ane ee oe ee | LO5447 ee cell B24eA TD ato | 10,728 | 21,456 | /845,931.78 
| : 








& Rate of levy used for roads not reported. 

>No labor tax was reported. 

©No cash expenditure reported. 

dA naturally good roads. 

© Fifty miles of gravel roads are reported for this county, but as these are probably natural 
gravel roads they should not be classed as improved roads. 

f This includes 153 miles of improved gravel-macadam or gravel-telford roads, many of which 
have telford or macadam foundations surfaced with gravel. 

§ All funds for park roads are appropriated by Congress a 1d expended under direction of Uaiey 
States Army Engineers. 


EXPENDITURES IN MONEY AND LABOR. . 


The amount derived from the property tax and appropriated for road 
purposes from the general fund was $74,475.73 in 1904. This added to 
the $250,000 appropriated by Congress for construction and maintenance 
of roads in the Yellowstone National Park gives a total of $824,475.73. 
The cash value of the labor tax, estimated on the basis of $2 for each 
day’s work performed on the roads, was $21,456. This added to the 
amount appropriated from the general fund gives $95,931.73. If to 
this we add the $250,000 appropriated by Congress for the park roads, 
we have a total expenditure of $345,931.7 By comparing the total 
property and labor tax with the total Seba of public road and with 
the population of the State (exclusive of the population, the mileage of — 
roads, and the Federal expenditures in the National Park), it is found 
that the total tax amounted to $9.45 per mile of public road, or $1.04 
per inhabitant. ; 

MAURICE O. ELDRIDGE, | 2 

Approved : Chief of Records, 

JAMES WILSON, 
Secretary of Agriculture. 


oe 
WASHINGTON, D. C., September 25, 1906. 
O 
‘ ‘ 





- United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 56. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF NORTH DAKOTA: MILEAGE AND EXPENDITURES 
IN 1904.! 7 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 59,332 miles 
of public road in the State of North Dakota, of which 205 miles were 
surfaced with gravel and 7 miles with stone. By comparing the total 
road mileage with the area of the State, it appears that there was 
eighty-four hundredths of a mile of public road per square mile of area. 
A comparison of mileage with population shows that there was 1 mile 
of road to every 5 inhabitants, but only 1 mile of improved road to every 
1,505 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


In each county having a population of 2,000 or more a tax of not less 
than 10 cents on each $100 worth of taxable property may be levied 
and collected annually for road purposes. This tax may be worked 
out at the rate of $1.50 per day. 

A township tax of not to exceed 80 cents and a bridge tax of not to 
exceed 20 cents may also be levied by the electors at the annual town- 
ship meeting. AON 

In addition to the township property tax, every male person between 
the ages of 21 and 50 years is required to pay annually a poll tax of 
$1.50 for road purposes. This tax may be paid in money or by one 
day’s labor on the public roads. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on roads 
was $456,130.22 in 1904, and the estimated cash value of the labor tax, 
figured on the basis of $1.50 per day, was $94,210.50, making a total 
expenditure of $550,340.72. By comparing the total expenditure with 
the total mileage of public road and with the population of the State, 
it is found that the funds collected and expended for road purposes, 
including the estimated cash value of the labor tax, amounted to $9.28 
per mile of public road, or $1.72 per inhabitant. 








1'This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many 
roads have never been surveyed or measured, and in some instances careless 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and for future work of this kind.—LOGAN WALLER PAGE, Director. 
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Mileage and expenditures in 1904. 





Expenditures in money and labor. 
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Miles of public |__| 
TOBE. Property tax. Labor tax. 
Jounty. Jur- 
Hun Total of ee Road Number! Value of 
all pub- with levy— Amount of men tax at 
lie Pawel rate per of tax. subject | $1.50 per 

roads. | ® (8) ‘| $100. to tax. | day. 
BED We OES Spee ee ee re ae pe 3,050 3 $0 .48 $5 ,587 .34 2A5 $367 .50 
ETS OUT ee oe eee ( se Ae Ripe 4 10-.49 6,831.66 2,037 38,055.50 
jew baa tate wep pe. ey eras DS) Pi lk eee ee le we Bec Le | ee a ee 
IBGOtunehU Nts = esate icy ape teks .50 8,021.96 8,500 5,250.00 
BOWMAN shes tens aoe GO) afoot sec Ah 2. Sobel 28 Se a ee ee 2 ee 
uriery here sees ae aa Se Dy a een ee 1.30 4,920.18 1,643 2,464 .50 
Cassie: 7a st so ee * 3 4000) eee .80 | 96,000.00 2,500 3,750.00 
Wavaierea sete. os Fo 3, 000 see 30 15,867 .44 2,750 4,125.00 
DIGkey teens. ail eas 8 ( Ve Bie 2 ae” (a) (a) 1,000 1,500.00 
J OX Rei aga MOSER, og UPTO ree ©) 9 Welw aie eh evs Se eck s CSR ae ae ee ee 
EU CLG yaa teas 2s Soe ee tat Ou abate te 72 3,287.04 601 901.50 
MTG NS. 320s AAP ve Se 468 ih0 Dee See esas 830.29 1,146.1) 223719306 
HOSLORaS Se we es 8 1 206s 43 iB Ley yi 768 1,152.00 
Grand WOLks. susee see 2 000M <= Sos eee .20 | 25,000.00 4,250 6,375.00 
Hones = hee tr ak ee See ( Fs 10 50 5,000 .00 1,100 1,650.00 

Gtbingereersa eo | C) oO) ge os Se ee tl Pe 
“alah (5 Peo a a | C284 Ni vihegs it dot nn UE Dee he eee a ee 
WAM OUL Gp ame ee DV SAO Bs eeaene 50 16,375.00 1,471 2,206 .50 
NEO eS Biter soe eee 895 Jie eee Be 500.00 627 940.50 
MOH Glinven 4s 8 er 1,500 Su .20 5,900.00 4,000 6,000.00 
ie pe Beat ee ees ( ' Na gS Base 19 600 .00 927 1,390.50 
GRENZICis see ne oe ©) og dae ok ceases wee ete = tee ee er 
Micbeanwe ie osiie. ets? Sib tg re 18 | 4,370.00 2 584 3,876.00 
Moi oes | 180 We oa ees 20] '1,546.51 483 724.50 
NMOTLOMeeete ese eee 100 Teas 26 9, 286.33 1,206 1,809.00 
NGIS Ol wre wes =seeee ses | 17504 84 .70 7,451.05 1,000 1,500.00 
Oliver ee ee we 1490 oe See | 20 Ion Rs: 462 693 .00 
Rembing sect sees 25600) ae ae | .50 | £58,000 .00 2,500 3,750.00 
EXT R OS kya ee 1440 sees .20 4,211.90 1,400 2,103.00 
[ec W STRONY, 2 Deena ide pr £1,637 72 .40—.80°| @19,198.50 2,000 3,000.00 
RANSOM yess. se tgs ee a 864 5 HS 7,200.00 1,200 1,800.00 
Leber ad Ewa le cx ears eae aes Pleo uieneer ae 51 22,015.00 2,545 3,817.50 
PRONetOG 2 LE Ne as 1,500 20 65 3,500.00 1,200 1,800.00 
‘SHEN RES Ty theese Ele, ea 810 3 .40-.60 12,528 .44 752. 1,128.00 
Sate [eee ye ML Re Le 202 heer 20 3,000.00 3800 450.00 
Steelewm semete Ros hs | 440 Bie See 50 16,123.00 1,200 1,800 00 
Stuusmans 2.2. - Lien EE 224) ae eee 29 10,000.00 2,182 8,273.00 
FROMM CT ooee feos we D088 Wee .50-.70 12,680.00 1,800 2,700.00 
SUS MIND 225 Sa ee Le593 tae bee ee 50 18, 255 .04 1,161 V5 740. 350 
VVitI SIRE eee Se 2 2 O00 mace eee .50 1,889.47 1,800 2,700.00 
Vic aite 0 ie ae ee 2,160 3 .50 | 81,000.00 5,842 8,763 .00 
WiGlISmecta to asthe 220 Tee eee .20 10,000.00 1,425 2. 1Step0 
MERC Gre a Ren Cee oe S50 sae eer .20 2,500.00 1,200 1,800.00 
oOtalee se oee est: 59 ,332 DOD ees 456,130.22 62,807 94,210.50 






































Total 
property 
and labor 

tax. 


$5,954 .84 
9,887.16 


19,992.44 
1,500.00 
4,188 .54 
2,549.29 

* 12,484.72 

31,575.00 

6,650.00 


8,246.00 


2,271.01: 


11,095.38 
8,951.05 
1,914.35 

56,750.00 
6,311.90 

22,198.50 
9,000.00 

25 , 832.50 
5,300.00 

13,656.44 
3,450.00 

17,923.00 

13,273.00 

15,380.00 

19,996.54 
4,589.47 

39,763.00 

12,137.50 
4,300.00 


590,340.72 








® Where figures are not given in this column, no mileage has been reported. 


> Reports from this county show that no roads have been laid out, and that no road taxes were 
paid in either cash or labor. 
©This county recently organized and but sparsely settled. No report received. 
4No property tax reported. 
€ Reports from this county indicate that only a few roads have been laid out, and that there 
was no cash nor labor tax. 
fOf this amount, $30,000 was expended by the county for bridges. 
&Includes 7 miles of road surfaced with stone. 


Approved: 


JAMES WILSON, 
Secretary of Agriculture. 


MAURICE O. ELDRIDGE, 
Chief of Records. 


WASHINGTON, D. C., October 15, 1906. 


O 






ie el eee ee 


~ 


United States Department of Agriculture, 


OFFICE OF PUBLIC. ROADS—Circular No. 57. 
LOGAN WALLER PAGE, Director. 
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PUBLIC ROADS OF SOUTH DAKOTA: MILEAGE AND EXPENDITURES IN 
ie : 1904.0 


R MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 59,295 miles 
of public road in the State of South Dakota. Of this mileage, 147 miles 
were surfaced with gravel and 4 miles with stone, making a total of 151 
miles of improved road. By comparing the total road mileage with the 
area of the State, it appears that there was about seven-tenths of a mile 
of public road per square mile of area. A comparison of mileage with 
population shows that there was 1 mile of road to about every 7 inhab- 


itants. 
SOURCES OF REVENUE. 
» 
The county commissioners are empowered to levy a tax of not to 


exceed 10 mills on the dollar tor all county purposes, the revenue 
derived from 2 mills of which may be expended on roads, provided that 
the amount so appropriated for any one year shall not exceed $1,000 
on each $500,000 of assessed valuation of real estate. 

A road tax of not to exceed 5 mills on the dollar may be levied each 
year by the road supervisors in the various townships. This tax may be 
worked out on the roads at the rate of $1.50 per day. 

Every male person between the ages of 21 and 50 years, unless by 
law exempt, is required to pay an annual poll tax for road purposes of 
$1.50. This tax may be paid in money or by one day’s labor on the 
_ - roads in the eistrict 1 in Hayles the taxable person resides. 


~ 


This feafiet is one Aue a series A Me ie Office of meats Bandas in vied 
road statistics are given by States. As little reliable information of this kind 
has been published, the work of collecting these statistics has been difficult. 
Most of the information has been sent in by voluntary county correspondents 
appointed by the Department. Every effort has been made to verify all figures 
given, and in most cases local officials having supervision of the public roads or 
the public-road records have certified to the correctness of the figures. Never- 
theless, errors may have crept in. Mileage of roads on boundary lines of town- 
ships, counties, and States may have been reported twice in some cases. Many. 
roads have never been surveyed or measured, and in some instances careless” 
methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, 
they can be accepted as fairly correct, and that they will form a valuable basis for 
comparison and tor future work of this kind.—Lo@aN WALLER PAGE, Director, 





















































4 Where figures are not given in this column, no mileage has been reported. 


>No rate reported. 


©County recently organized and but s 
4 Amount worked out and not reported. 


© Roads in this county reported naturally good. 


f About 250 miles of gravel road reported from this county, but judging from expenditures these 


were natural rather than improved roads. 


About 50 miles of gravel roads reported from this count 


rather than improved roads. 
h fneludes 4 miles surfaced with stone. 


‘Five hundred miles of gravel and 500 miles of stone road reported from this county, but this is 


evidently an error, 


parsely settled; unable to secure report. 


& 








y, but these are obviously natural — 
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1° at Seay, 
Mileage and expenditures in 1904. ws 
mise fel ola Expenditures in money and labor. Fi 
Property tax. Labor tax. 7 
Sur 
County. Total | i Total 
of all abst Oey | Number | Valueof | property 
pubICH a. oat sah Amount | ofmen | tax at and 
roads. |° (a) er | Oftax. | subject | $1.50 per | labor tax. 
$100 to tax. day. - 
) 
Cents. | Dollars. Dollars. Dollars. 
PATIOS) See ee ee eee | Lhio |\t eee b 2,510.52 987 1,480.50 8,991 ,02 
BOR Ce ae wee ee ee | L800si2 eee 10-50 18,412.52 842 1,263.00 14,675.52 
BOnnOMIME 22222) Ae LOO see 20 ABP Nie Yas 1,799 2 698 .50 14,872.65 — 
BOVeIMaAri me spe ee Le 2 (C) oo tee Ce Sue Se ee poe eel oe 
IBRGORINES es es Cole. 1 VA Neale eo 30 1,476.88 SBes 5,000.00 6,476.88 
STOW eee eS ASE ES te APs ae ae 30 17,543.88 1,860 2,790.00 | 20,333.88 
STU Ce eet ee TS620W ears ee 80 1,545.81 1,140 1,710.00 | 3,255.81 
[byrany Nic} 0 98 O See eee ee 494 5 6 800.00 200 300.00 600 .00 
ITT OReee ete ee eae oS Ve OOO GT ae eee 20 4,990 .00- 996 1,494 .00 6,484.00 
Gamppevla ioe ae Lat 1 AO0 chee eee 15 2,000 .00 600 900 .00 2,900 .00 
CGNATIGSEMEX Bole ye 160 View see ee 10 1,000 .00 2,366 3,549.00 4,549.00 
COU Le 2: <a See goa Rei caer PE900 Hikes 30 3,305 .00 1,465 2,197 .50 5,502.50 
CU VaL eee ee Aes Ri teeies 750 25 (>) (4) 2,000 3,000 .00 3,000.00 
COCINGTON 6-00 ei... 1S 400 mie aes 30-50 8,587 .00 998 1,497 .00 10,084.00 
COeISTCT Aten eee ek 400 eae ee 10 1,280.00 786 PaAL79 008 2,459.00 ~ 
IDS RWRTO) ye aaah = ee eee O43) ea 8 3,375.62 1,600 2,400.00 5,775.62 
Bp te ee gh LOOT emp ie ee 20 ASV walt 1,800 2,700.00 427.21 
Eel errors ons So 17050 |e see 40 1,600.00 1,400 2,100.00 3,700.00 
(DISNEY ele on eee (C)- Pd peel 2) eo 
OUP IES ere Se tae O15 ihe eaee ee 10 400.00 820 1,230.00 1,630.00 
VOUT GS sees n se | 1,408 24 3 6,000 .00 1,100 1,650.00 7,650.00 
Waiver ee (2 lt SHO ae see 8 830.75 975 1,462.50 2,293.25 7 
Byaiy) wee eee ee OE O08 tis eee 25 4,000.00 $25 1,237.50 5,237 .50 
CAAT GMeer re ge foe See AsO Led OS alee t eee 5 450.00 1,450 2,175.00 2,625.00 
CLEP ORV sees eee ceo 2 O80 sees ee 85 | 21,246.06 588 882.00 22,128.06 
iChat a0. oS. Sere O30 tien eee 20 5,000.00 1,600 2,400.00 7,400.00 
ET el chimney Se) day DAO 4 ae eeees (b) 1,503 .37 1,294 1,941.00 3,444.37 
HUTS OU eee eee eS a 864 4 10-30 4,491.42 1,200 1,800.00 6,291.42 
PIMOnER SEL ¥ouces_ ek OOO eae 10 | 1,000.00 500 | 1,000.00 2,000.00 
PIUCOINSONs soe ec oe d bay 4 OR YR a 20 12,887 .59 1,895 2,842.50 15,730.09 
EV Geen caenre th Pale 1414 ') eee 10 1,832.52 706 2,118.00 3,950.52 
ET ae ees a 12000 Fike ee 20 2,795.00 811 1,216.50 4,011.50 
INOS MUN Y sees sce. ee 1600 esos (b) d) Se, 000 3,000.00 3,000.00 | 
UES y Rg a ee ee HOG es cote 10-40 2,685.00 1,500 1,500.00 4,185.00 © 
eAWITeNCeuees tao Wee os ss DOOM sawn 20 12,356 .52 6,400 9,600.00 21,956.52 
NEYIICO Mee ese TOO Tale t ree 29 18 ,488 .55 1,929 2,893 po 16 ,38382.05 
ihueenbeel 2 Lee hs] Core AA a ae aie arg (en ee REE ee , 
ILA 0TI YO a ee Pe ee GOON MSs 20 3,188.61 958 1,487 .00 4,620.61 
Been ed oo BGG ba 5 2,285.11 1,800 2,700.00 4,985.11 
Me mneTSON 222 ee... <5 DOA Ae Bp er 10 3,058 .90 724 1,086 .00 4,189.90 
Mins ty alles Sih 2 2, 1,480 5 85 1,605 .97 1,100 1,650.00 3200 9% 
WU SEG (2) Sa She eae BOO aise ee 10 1,900.00 800 1,200.00 3,100.00 
ECV Clem wees Bs ae (G) Yo ebe l deet rie tee ote ye Bootie Ne eM ON see pf Se 
MIN TYS) ee. Se Em Ee A 1200 ee (>) (4) 1,450 2, 110200 2,175.00 
Minnehaha 2322.9. 2c Le (285) Sear es 30 19,169.41 2,260 8,390.00 22,559.41 
IN ACGN G6 pet Led pate EA Se ele DUN 1055 Vie ees 15-30 8,536 .00 974 1,461.00 9,997 .00 
IReUMINE TOM. 22282 ce. eee SOO als as 10 312.00 540 810.00 1,122.00 © 
JETOVA SEY. oe a gs ee ee 1 GOO | Saeoeers 10} 1,691.00 417 625.50 2,316.50 
IRODET URGE een ee ace, acre 1,162 18 20-50 | 11,516.82 1,658 2,487 .00 14,003.82 
Banporne sO) ee h 800 46 | 20-50| 9,888.32 666 999 .00 10,887 .382 
SEIVENTNO (EY Gri eek a VR Belk he ESS STR, | ee Joell lt Lee eee 
Sey eee A 4685 9-2 2 15-380 3,388 .90 3,126 4,689 .00 8,077.90 
itary eee bei wi) aula t LOO tes ose 30 4,379.12 2 ,823 4,234.50 8,618.62 
SH bbe fe 2 eile oes Valle ena bis (0 eS e e 
SST Type Sta Os ee YA PAAUU OF ees oeepl a s 10-50 2,029.92 301 451.50 2,481.42 
IND Wi oYe5 dite a ie ee eS 1260 ieee 20 10,000.00 2,000 3,000 .00 13,000 .00 
UOT ee bee ek Le ef 495 in. aes Oe 10 %,000.10 1,900 2,850.00 10,850.00 
Walworth oe os LAbO0n O22 ee Be 20 Dawe talon 739 1,108.00 4,345.12 
Wrasnabaurh tre afte Cy en oa besaneacelice cece loess ebadee o.oo cee 
Vito hej Aaa Ae eee 654 20 20 7,000.00 2,000 3,000.00 10,000.00 
meelotal BAwge (ey as 59,295 BF We fe be og 268 , 722.57 76,010 | 114,560.50 383 , 283 .07 
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EXPENDITURES IN MONEY AND LABOR. 


_ The amount derived from the property tax and expended on roads 
: was $268,722.57 in 1904, and the estimated cash value of the labor tax, 


figured on a basis of $1.50 per day, was $114,560.50, making a total 














expenditure of $383,283.07. By comparing the total expenditure with 
the total mileage of public road and with the population of the State, 
it is found that the funds collected and expended for road purpdses 
- amounted to $6.46 per mile of public road, or $0.95 per inhabitant. 


MaAvuRICE QO. ELDRIDGE, 
Approved: Chiet of Records. 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., October 15, 1906. 
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United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No: 58. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF KENTUCKY: MILEAGE AND EXPENDITURES IN 
1904.¢ 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 57,137 miles 
of public road in the State of Kentucky, of which 1,408 miles were sur- 
faced with gravel and 8,078 with stone, making in all 9,486 miles of 
improved road. Many of these roads have been built and are main- 
tained by turnpike companies, while others have been constructed by 
the counties from funds received from bond issues. It will be seen 
from these figures that 16 per cent of the roads has been improved. 
By comparing the total road mileage with the area of the State, it 
appears that there was 1.4 miles of public road per square mile of 
area. A comparison of mileage with population shows that there was 
1 mile of road to every 37 inhabitants and 1 mile of improved road to 
every 226 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The fiscal courts of the various counties may levy a tax for road and 
bridge purposes of not to exceed 25 cents per year on each $100 worth 
of property. A road and bridge tax of not to exceed $1 may also be 
levied on each male citizen between 18 and 50 years of age. The fiscal 
court may allow any taxpayer to work out his road and bridge tax. 








a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the work of collecting these statistics has been difficult. Most of the informa- 
tion has been sent in by voluntary county correspondents appointed by the Depart- 
ment. Every effort has been made to verify all figures given, and in most cases local 
officials having supervision of the public roads or the public-road records have certified 
to the correctness of the figures. Nevertheless, errors may have crept in. Mileage of 
roads on boundary lines of townships, counties, and States may have been reported 
twice in some cases. Many roads have never been surveyed or measured, and in some 
instances careless methods prevail in keeping records of the collection and expenditure 
of road funds. This Office should not, therefore, be held responsible for the absolute 
accuracy of the figures. It is believed, however, that, with some exceptions, they can 
be accepted as fairly correct, and that they will form a valuable basis for comparison 
and for future work of this kind.—LoGan WALLER Pages, Director. 
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All male citizens over 18 and under 50 years of age, unless by law 
exempt, may be required to work on the public roads not more than 
six days each year or furnish able-bodied substitutes, and in cases of 
unusual emergency may be required to work a greater number of days; 
also in cases where the county shall pay the road hands for their work 
it may require them to work more than six days in the year. The 
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fiscal court may pay the hands so ordered to work a reasonable sum 
per day for all or any part of their labor. 

Upon the consent of two-thirds of the voters any county may issue 
bonds for road purposes of not to exceed 2 per cent of the value of the 
Counties issuing bonds are required to pro- 
vide for the collection of an annual tax sufficient to pay the interest 
on them and to create a sinking fund for the payment of the principal 
forty years from the time the bonds are issued. 


taxable property therein. 


Mileage and expenditures in 1904. 
































Miles of public : : ; 
rads Expenditures in money and labor. 
= 3 3S Cash tax. Labor tax. 
5 5 5 x ve qs ! ne H 
County. ny ae ee Ties 8 es x Oe 3 
ad o@ | oY |b = oar eae gaa b6| & 
Oe sigan aha RO 8 poe eae a bales 
Se | sh | sg|i8 2 Se | SH|GOR| Of 
Px ow OD | ay Ko) or 2 2o seein NI} Ko) ony 
ES o H By 5 go |Polses) 5 
= ° 2 = 
as =| = S| 55 |S |FAR| 
i oD ™ ms a Za |A_ |< > 
Cts.| Dollars. Dolis.| Dolls. 
ENC Wi So eeeetes 400 30 4a 510 2,114. 33 400 6 | 1.00 | .2,400 
Allens 25 325s 400 LO EEA eee aera eee 3,000 6 Se fopiels o00 
Anderson...... 450 alee 200 | 25} 10,000.00 800 | 12] .60]| 5,760 
TeX HG be See AQQ Ss Seraeallaee cee 10 G5 OOOS 008 Saaeees om oat wees). oe Seer 
IBarreneerscses= 1,200 5 Ds eerie 10,000.00 | 3,000 6 | .75 | 13,500 
Bathe: OR + TE ed 58 eee oe 253) 2125435 18s eee eee Ce ae ene) ae 
Boll memeee nsec: 74 Ney bea Pe 10} 10 3,000.00 | 1,500 6 | 1.00} 9,000 
IS OOMO sere sc 275s ae 85 | 10 7,000.00 | 1,600 2/ 1.00] 3,200 
IBOULDON 2s. - 2. 3254 eae S07) 20 32; O00T00 Glee oe cece ee |e 
IBOVds se. . sees 1825 sere 20 een 12, O00; 00 Pes. Sah ae al a ee ee ee 
Boylece. sco. 2: 375 | 150} 100} 31} 25,000.00 | 1,200 6 | .50]| 3,600 
Bracken: .-!2... 2008 | see 180 | 24] 14,400.00 | 3,000 2 | 1.00} 6,000 
Breathitt ...... 2 Bi Na 1,500.00 | 2,600 6 | 1.00 | 15,600 
Breckinridge - . SOOM Eee 10; 10 6,723.41 | 4,759 4 | 1.00 | 19,036 
BULiCtae es 380 15 Psy | 45s 9,612.15 | 1,000 Ga) (5 | 94000 
Bitlet. se 490 Jaa. lee een et 4 500.00) |e 2a. See ee 2 ee | See 
Caldwell....... 550 5 102) 25%) 20) OOOS OQ Cr ae Sie || eerie | eee 
Calloway....... 250 4|s este lece a2 25 7,000.00 | 2,000 6 | 1.00 | 12,000 
Campbell....... S10 gee e 70 6 | 14,333.00 715 6 | 1.00 | 4,290 
Carlisle. .......- 210 leer hes ike: 25 i D00..00 speek. Coole tere ae ere eee 
Carroll cet oe 200 24 1126 9:25 9,000. 00 800 4/|1.15 | 3,680 
(CATUCT cc cee. 2 T5000 3/52 ees | eee 8 1,450.00 | 4,000 6 | 1.00 | 24,000 
Caeey Looe feo oe 650 GOH PEs Sa ees 1,500.00 | 2,500 6 | 1.00 | 15,000 
Christian....... 15 OO0C eee 200s aaeee 15,000.00 | 7,000 6 | 1.00 | 42,000 
Gilat eeecee SOS ane 189 1782515 5626.103 poz sao chen coe ee eee |e ne 
RR ec tiside gules 1,600 1 LO 2s ese fae eee 2,000 6 |. .75.| 9,000 
a DOOM e ce Pee 6 400.00 | 1,000 6 | 1.00 | 6,000 
Crittenden..... 250: [paar es | Paeee Tt 25 8,000.00 | 2,000 6 | 1.00 | 12,000 
Cumberland. ... 400 24 cccecaiah tea eens 1,066 Bh ators 79% 
Daviess........ 1, 200 20 PB Fee. eile 50,000.00 | 9,000 6 | 1.25 | 67,500 
Edmonson..... LU SAR ce Oy neice Wy eg 5 500.00 | 2,500 6 , 1.00 | 15,000 
BOLOLE so cre x5 50.2 1 OOU ale areens | Ce ee 15 2,000.00 | 1,800 6 | 1.50 | 16,200 
| gaya OS Bg a ee 300 3 WE ee 1,000.00 | 1,400 6 | 1.00 | 8,400 
Fayette.......: S/S eee 360.'\ 20 \-):5 362,000; OOW cae acd | seek oe eee 
Fleming. ....... DOGO de Senee 215 | 25 | 12,674.68 | 2,000 3, 1.00 | 6,000 

















Total amount of cash 
and labor taxes. 


Dollars. 


62,000. 00 
18) 674. 68 


a Where figures are not given in these columns, no mileage has been reported. 

> Where figures are not given in this column, no rate of levy has been reported. 

¢ Where figures are not given in this column, no cash expenditure has been reported. 
@ Where figures are not given in these columns, no statute labor has been reported. 


¢ Toll roads. 
58 





bond issue for 


roads in past 10 years. 


Total 





Dolls. 


see ee eee 
see er eee 


a 





County. 


(Caeelel a ee ia 


LEUJ1y Fons. ee ean 


Livingston..... 
Logan 
NG ViOileertes sc 
McCracken..... 


Mereerert a. <—:. 


MOUTOG Lo... - 
Montgomery... 
MOroane”. . 3... 
Muhlenberg. ... 
Nelson......... 
Nicholas....... 
Uae 


Mileage and expenditures in 1904—Continued. 
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ronnie! Expenditures in money and labor. q & Zi 

C4 = 

= ae o oo 

= a 64 Cash tax. Labor tax. ree ae 

aa jos |e |pe| § AS jo joey) 8 58 | o¢ 

eT Of | O68 1Ee = “Oo |OdlEmo| & 98 he 

3 oye Olse | s ° OS loeb ar bd =e a8 

Beevenpa@ jos). 4 Be |SEIQS| Sa s e 

a |H |e jag} 8 pe |Belgys| 2 a2 | 35 

S =) a ors § Sa |e |Pan| a = ae 

BH mn mn mH <4 422 |A \< > = aH 

Cts.| Dollars. Dolls.; Dolls. | Dollars. | Dolls 
SUN ol mers ates eae ctl ches ul an ase Aa or) 1,500 6 | 1.00 | 9,000 9000:00) Sean 
300 25 | 225 12 9,000.00 |; 2,200 6 101.25 | 16,500 | 25,500: 00;), 22am 
erat cH oils weohree <= SAIS, ies 800 6 | 1.00 | 4,800 4, 800.00. |: 3 Jae 
190 25 eh, Wears ACO MN) Shea, Scare acll. « Ht coe woos ee cto 4,400.00 | 40,000 
260 15 95 | 25 10,000. 00 400 6 | 1.00} 2,400 12,400.00 | 33,000 
arte oe 450 | 25 9,813.45 | 2,940 6 | 1.00 | 17,640 | 27,453.45 |... 
1, 200 AGS | Os ete hea 30,000. 00 | & 4,300 6}. 25.) 32,250°| 62,250. 0012 see 
* Lm AS Oe Be Oe 25 6,000. 00 3, me : ; x“ 9,000°).. 15,000; 00.) aren 
hecegeN Fae CI Oise) pear reese Ae 0 roy 1. 9,000 9, 000. 00 fe 25 fee. 
SM ee eet 25 | 4,000.00} 1,200} 3) 1.00| 3,600] 7,600.00 |........ 
AS cal Oe oe oe ee Baie 8,000.00 | 1,420 61,00. 3,620-| 16,520, OO fi eeanrere 
SOUR a LOGS BIO 265 87 00000 Ae. 8 te cs aa os ds oes 17, 000:,00:} tema 
Hoy ya Sa | A eg il a aaah ae 1, 800 6 ; 1.00 | 10,800 | 10,800.00 |......-- 
BOO ee are 320 14 7,026. 22 1, 850 6 | 1.00 | 11, 100 18, 126. 223| See 
ro 60} 25] 8,000.00] 1,000} 6] 1.00} 6,000| 14,000.00 |_....... 
500 Soule area Dated O00. OO Me ae Ne Jo Sees eet eee = bc 48000:.00: | aaa 
Boe eeoU 4200.25") 18,000,001 ss... [Se ee a ete 18,000. 00: {:yasGae 
AU Soe el REMEDIES A Ree 1,500.) °3.)100, | 4500. |: — 4, 500,00) |. aes 
ZOU pero tlt nto DORGAN OOOS Um crys creme || artecieliete eae Ses eee 14,500, 008|3232-2=— 
PH LG. (oer, AM iets aie a ay A Aes 1,592 6 | 1.00 | 9,552 9, 55200. eee 
SoCnpete te 2405 7k 120000: 00 ae Ca oe AO she 120,000. 00: | .2 ae 
AY eae 160 2 14, 212. 00 1,496 : 13005003; 976 23; 188) 00) eames 
UAE ee Beg ee aN el Sele 2,400 a1 -.50"|» 7,200 i, 200: 00125 eee 
et Ue eee 200 | 9| 26,457.00 550 | 4] 1.00] 2,200| 28'657.00 |......-- 
TIES UM Sectegcra |= Se get Rien 500. 00 1,000 6 | 1.00} 6,000 6500 100s eee ger 
OO Meee soe oie oe 2,000.00 | 3,500 6} 1.00: | 21,000 1- 23,000. 00: [222-2 2ee 
200 15 20 18 AS20000 is uaweo- gale aa selec asyonase C 452005000 |Rae see ee 
LEN Av col ot in et Re all Peete 2,000 6} .75 | 9,000 9,000. D022 aes 
OOM cere ane 25 12,000.00 | 2,500 GPL ae l8 5 /o0r| 2305 750, 00M =. aaa 
EU) | ccresescats ewierS Lesae 20.00 | 1,786 Gal TO0r LOS 716 1057365 O05) Seameees 
<6 RRR AS en Ore, See ae 1, 100 6| .75 | 4,950 4,950. 001. sates 
FE OS ace el at iy 4 I en 3, 000. 00 1, 400 6 | 1.00] 8,400 11; 400<00! ieee eeae- 
BOGE ote ea 80 18 3,000.00 | 2,500 2 | 1.00} 5,000 $0005 00 seeee- 
53 100 80 | 23 16,100.00 | 2,250 Odeo TE os OTD 19,475.00 | 52,000 
2 See eee Ee 1,200.00 ; 2,000 6 | 1.00 | 12,000 133200005 |reseeer 
BOO thee. oe Bees 8,000.00 | 3,000 6 | 1.00 | 18,000 |. 26,000.00 |---2.2.. 
pet) eos Weceter 20 3,000.00 | 1,200 | 6) 1.00) 7,200 10,200: 00) |Eeeaeee 
300 chee We Tele OOOO OU Tice stress cocille tes. Sy eee ae erg 20; 000. O08) sea 
BROOD Ie Denk sh. oe te eee 5,000.00 | 3,000; 6] 1.00} 18,000 | 23,000.00 |....-.... 
JOU eee 300 | 21 | 21,000.00 | 2,500 2| .75 | 3,750 | 24,750: 00:| 70,000 
Hi UI Ee ape (Se Se ie 10 1,000. 00 | ® 1,397 GTO Oe287 15280, O0N| eee are 
500} 200; 50} 25) 15,000.00] 2,000 Soles. A. 500) | 19; 5002005 Baer 
432 iKG % opeacs Sm 25 7,500.00 | 2,350 1| 1.00} 2,350 9, 850. 00.) eiecteee 
if iy ee al ee 25 1, 200. 00 700 6| ..75 | 3,150 4,300, 00> |e ereeee 
selva) im eee Ds 25g EEO AEA OR OO) etatta ce chats crete tere 2 steed coco 22,000.00 | 60,000 
i a4 Sine Oilisie sae 4,500 00 1, 825 : 1.00 | 10,950 ie 450.007 |Seeeeaae 
LCT tpn toe Lat kta Gina oma Rear 1, 000 5 | 1.00 | 6,000 , 000.00" eee 
ADD ete ee Dome aioe le 20 OU alerenerte Se 2 otealbne seeks cole Satie TE 260s 00g ee emer 
70 RS ee ae 15 1,800.00 | 1,500 6 71.00 |. 9,000 | 10,800.00: 7.2 22ee 
CST ieee ea ee Die 500.00 | 1,500 Gb vo: j 16, 700 7; 250: DOG) scene 
LSORe ae 100 | 22 13, 100. 00 350 6 | 1.00} 2,100} 15,200.00} 31,000 
DRA ere alle eee Ale cue 3, 000. 00 1, 500 Ohpeeioule OnLoU. 95 (OO J00 5 eae 
OOO Beazer ae - 25 5, 600.00 | 3,000 Gr 100 18,000. 28) 600F00 5 pees 
OU ee PAT DW | SASS PAST UG. 05 C008) So ie eee re ee | Ge oe fa es Ses 25, O0O;007 Eee 
1D) ieee eae 220 | 25 9, 000. 00 | & 1, 000 6| .75| 4,500; 13,500.00 | 40,000 
2500 |. 3s - - 70 ae | eee eed ae 5, 000 6 | 1.00 | 30,000 | 30,000.00 |....--.- 
PAU, Uk | Pieeiate 50 | 25 8, 000. 00 600 3 | 1.00} 1,800 9; SOOJ00N Sema 
700 tec ke 300 15 4,000.00 | 1,800 6 | 1.00 | 10,800 | 14,800.00 | 70,000 
UL Del | 2 eae eel (Eee le en eee Be 600 6 | 1.00] 3,600 3, 600 008 | Seeeeeee 
ASO ease 3 288 | 10 5,000.00 | 2,000 41815002) 78,000 4 13; 0005008 Saeaemes 
SOS tere c || serie [eee Ieee ee eee 1,000 6 | 1.00} 6,000 6,000: 005 | Seeeae 
DOOR es e.ct's s ose 10 3,000.00 | 4,000 Os 1..00:) 24,000 1 27; O00 008 eres 
BOO ieee nee 8c 4") 1, 500. 00 1, 400 Ou)o Zon) 002300 800: OOS Ser cere 
OOO Rete aes. 10 | 25 15,000.00 | 3,000 6.) OOF 18; 00031 5:33, 000500 Sameer 
WO Meee Conse s 2, 800. 00 700 2| 1.00; 1,400 4200500) 2a rereerr= 
Oi: a eas = ol 15 1,500.00 | 1,800 6 | 1.00 | 10,800 | 12,300.00 |.....--- 
RO. Pao: (Sot) Repeat ee 1, 000 6 | 1.00 | 6,000 6,000.00 jou: 





a Reports from this county indicate that this fund is not sufficient to keep roads in good repair. 
b Estimated in this Office. 
¢ Of this amount, one-half was used for bridges. 
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Mileage and expenditures in 1904—Continued. 
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EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax, the per capita tax, and 
other sources, and expended, was $1,161,194.03 in 1904, and the esti- 
mated value of the labor tax was $987,495, making a total expendi- 
ture of $2,148,689.03. This does not include the amounts expended 


by the various turnpike companies in maintaining toll roads. It— 


will be seen from the table that the cash value of the labor tax in each 
county is the product obtained by multiplying the number of men 
drafted for road service by the number of days each man is required 
to work per annum, and this product by the average wages per day. 
In referring to the table it will also be seen that several counties in 
the State have issued bonds for road purposes during the past ten 
years. The total amount so far reported is $906,500. From reports 
received, however, there appears to have been no money expended 
from bond issues in the year 1904. By comparing the total expendi- 
ture with the total mileage of public road and with the population of 
the State, it is found that the funds collected and expended for road 
purposes, including the estimated cash value of the labor tax, 
amounted to $37.60 per mile of public road, or $1 per inhabitant. 
Maurice O. ELpRIDGE, 


Approved: Chief of Records. 


JAMES WILSON, 
Secretary of Agriculture. 
Wasuinoton, D. C., October 25, 1906. 
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United States Department of Agriculture, 


OFFICE’ OF PUBLIC ROADS—Circular No. 59. 


LOGAN: WALLER PAGE, Director. 


PUBLIC ROADS OF FLORIDA: MILEAGE AND EXPENDITURES 
} IN 1904.¢ 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 17,374 
miles of public road in the State of Florida. Of this mileage, 345 
miles were ‘surfaced with stone, 88 miles with shells, 435 miles with 
sand-clay mixtures, and 17 miles with gravel, making in all 885 miles 
of improved road. It will be seen from these figures that 5 per cent of 
the roads has been improved. By comparing the total road mileage 
with the area of the State, it appears that there was about one-third 
of a mile of public road per square mile of area. A comparison of 
mileage with population shows that there was 1 mile of road to every 
30 inhabitants and 1 mile of improved road to every 596 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


Most of the counties in this State have road organizations embrac- 
ing such powers as are conferred by special acts creating them. The 
road levy varies in the different counties from 10 to 60 cents on each 
$100 worth of property. No road levy is made in some counties, and 
in others the labor tax has been abandoned. 

In counties which are not under special road laws, the county com- 
missioners may levy a tax of not to exceed 3 mills on the dollar on real 
and personal property for the purpose of constructing roads and 
bridges. In counties where no road and bridge tax is levied, a bridge 
tax of 1 mill on the dollar may be levied. 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the work of collecting these statistics has been difficult.. Most of the informa- 
tion has been sent in by voluntary county correspondents appointed by the Depart- 
ment. Every effort has been made to verify all figures given, and in most cases local 
officials having supervision of the public roads or the public-road records have certified 
to the correctness of the figures. Nevertheless, errors may have crept in. Many 
roads have never been surveyed or measured, and in some instances careless methods 
prevail in keeping records of the collection and expenditure of road funds. This 
Office should not, therefore, be held responsible for the absolute accuracy of the figures. 
It is believed, however, that, with some exceptions, they can be accepted as fairly 
correct, and they will form a valuable basis for comparison and for future work of this 
kind.—LoGan WALLER Page, Dvirector. 
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Except in counties under special laws, every able-bodied male per- 
son over 18 and under 45 years of age is required to work on the roads 


and bridges not to exceed eight days in any one year. 


Every person 


subject to road duty may furnish an able-bodied substitute or, in lieu 
thereof, pay to the road overseer $1 for each day he is required to work. 


Mileage and expenditures in 1904. 
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a Where figures are not given in these columns, no mileage has been reported. 

6 Where figures are not given in this column, no rate of levy has been reported. 

¢ Where figures are not given in this column, no cash expenditure has been reported. 
@ Where figures are not given in this column, no labor tax has been reported. 

€ Includes $100,000 expended from bond issue. 
f Reports indicate that there are no roads in this county and that transportation is mostly by water. 
9 In the last ten years $400,000 worth of bonds have been sold in this county for road purposes. - 


h Expended on bridges. 
~Convicts used on roads. 


j Included in the city of Kev West and has 23 miles of gravel roads. 
kCash tax of $1 per capita levied on 700 persons. Amount so raised included in cash expenditure. 
‘Includes 15 miles of road surfaced with gravel. 
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EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property and commutation taxes 
and expended on roads was $437,184.10 in 1904, and the estimated 
cash value of the labor tax was $140,393, making in all $577,577.10. 
It will be seen from the table that the cash value of the labor tax in 
each county is the product obtained by multiplying the number of 
men drafted for road service by the number of days each man is 
required to work per annum and this product by $1. By comparing 
the total expenditure with the total mileage of public road and with 
the population of the State, it is found that the funds collected and 
expended for road purposes, including the estimated cash value of the 
labor tax, amounted to $33.24 per mile of public road, or $1.09 per 


inhabitant. 
MavricE O. ELDRIDGE, 


Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., November 1, 1906. 
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United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 60. 


LOGAN WALLER PAGE, Director, 


PUBLIC ROADS OF SOUTH CAROLINA: MILEAGE AND EXPENDITURES 
IN 1904.¢ 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 41,830 
miles of public road in the State of South Carolina. Of this mileage, 
69 miles were surfaced with stone, 179 miles with gravel, 1,575 miles | 
with sand-clay mixtures, and 55 miles with shells, making in all 1,878 | 
miles of improved road. It will be seen from these figures that 4.5 
per cent of the roads has been improved. By comparing the total 
road mileage with the area of the State, it appears that there were 1.3 
miles of public road per square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 32 
inhabitants and 1 mile of improved road to every 713 inhabitants. 


SOURCES OF REVENUE. 


The county or township boards of commissioners of the various 
counties or townships may cause a road tax to be levied of not to 
exceed 1 mill on all taxable property in any county or township, 
except in the county of Bamberg, where the levy must not exceed 2 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable. information of this kind has been 
published, the work of collecting these statistics has been difficult. Most of the infor- 
mation has been sent in by voluntary county correspondents appointed by the Depart- 
ment. Every effort has been made to verify all figures given, and in most cases local 
officials having supervision of the public roads or the public-road records have certified 
to the correctness of the figures. Nevertheless, errorsmay have creptin. Mileage of 
roads on boundary lines of townships, counties, and States may have been reported twice 
insome cases. Many roads have never been surveyed or measured, and in some instances: 
careless methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute accuracy 
of the figures. It is believed, however, that, with some exceptions, they can be: 
accepted as fairly correct, and that they will form a valuable basis for comparison and. 
for future work of this kind.—LoGan WALLER Paasz, Dvrector. 
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mills. In counties where the contract system of working the roads 
is adopted, the county or township boards may authorize a special 
annual levy of not to exceed 1 mill on all taxable property. In view 
of the fact that seven counties report 2-mill levies, it is assumed that 
1 mill was the regular levy and that the additional mill was a special 
tax. 

In the county of Colleton the county board of commissioners is 
authorized to hire the county chain gang to any reliable person or 
corporation, the money realized therefrom to be a part of the road 
fund. In all other counties the commissioners are authorized to work 
the convicts on the roads, their maintenance being paid for out of the 
funds derived from the regular or special levies, the commutation tax, 
or from the general county funds. 

All able-bodied male persons between certain ages—which vary in 
the different counties—unless by law exempt, are required to perform 
or cause to be performed annually not less than two nor more than 
ten days’ labor upon the public roads. The number of days each 
person is required to perform road duty is fixed by law and varies in 
the different counties. In leu of such labor a commutation tax of 
not less than $1 nor more than $3 may be paid by the person so liable. 
The rate of commutation is also fixt by statute in the various 
counties. 

Since 1904 the legislature has authorized the county commissioners 
to fix the number of days the taxpayers are required to work on the 
roads and the rate at which this labor may be commuted in cash. 
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Mileage and expenditures in 1904. 
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a Where figures are not given in these columns, no mileage has been reported. 

b If levy is not stated, amounts expended in ‘cash were drawn either from general county fund or 
from labor tax paid in cash. 

¢ Includes amounts received from commutation tax and amounts expended for the sOP Evie of the 
county chain gangs, so far as these amounts have been reported. 

d When labor tax was paid in cash, the amount so paid has been included under cash expenditure and 
the number of men paying the same eliminated from this column. 

e Includes 25 miles of road surfaced with shells. 

f Includes 30 miles of road surfaced with shells. 
_ 9 Estimated in this Office. Impossible to get a complete report from this county. 
ie h About 8,400 days’ work done in this county in 1904 by convicts at a cost for maintenance of $0.35 per 

ay: 
t Report from this county indicates that there are 500 miles of gravel roads, but these are probably 
natural rather than improved roads. 
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EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and the commutation 
tax and expended on roads was $334,081.90 in 1904, and the esti- 
mated cash value of the labor tax was $411,619.60, making a total 
expenditure of $745,701.50. It will be seen from the table that the 
cash value of the labor tax in each county is the product derived by 
multiplying the number of men drafted for road service by the num- 
ber of days required of each per annum, and this product by the 
average wages per day for road work. When the labor tax was com- 
muted for cash, the amount so commuted has been included under 
cash expenditure and the number of men commuting eliminated from 
the labor-tax column. 

_By comparing the total expenditure with the total mileage of public 
road and with the population of the State, it is found that the funds 
collected and expended for road purposes, including the estimated 
cash value of the labor tax, amounted to $17.82 per mile of public 
road, or $0.55 per irhabitant. 

MavricrE O. ELDRIDGE, 
Chief of Records. 
Approved: 7 : 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., November 1, 1906. 
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MILEAGE OF ROADS. 


The accompanying table shows.that in 1904 there were 79,462 
miles of public road in the State of Nebraska. In compiling these . 
figures the aim has been to include only mileage of roads actually 
opened up and in use; but in the reports from many of the counties it 
is evident that correspondents have included a greater or less mileage 
of section lines which have been set apart by law for road purposes but 
have not been opened up or used as roads. Of this mileage only 17 

+ miles are reported to have been improved with stone and 6 miles 
with sand-clay mixtures. While this may be considered a small mile- 
age of improved roads, yet the roads in many parts of this State are 
reported naturally good. Some counties report that the roads are 
never so muddy as to interfere with traffic. By comparing the total 
road mileage with the area of the State, it appears that there was 1 
mile of public road per square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 13 


inhabitants. 
SOURCES OF REVENUE. 


The rate of taxation for road purposes on taxable property in the 
various counties of the State is limited by law to 5 mills on the dollar. 
County commissioners are authorized to levy a special tax of not to 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the work of collecting these statistics has been difficult. Most of the 
information has been sent in by voluntary county correspondents appointed by the 
Department. Every effort has been made to verify all figures given, and in most 
cases local officials having supervision of the public roads or the public-road records 
have certified to the correctness of the figures. Nevertheless, errors may have crept 
in. Mileage of roads on boundary lines of townships, counties, and States may have 
been reported twice in some cases. Many roads have never been surveyed or meas- 
ured, and in some instances careless methods prevail in keeping records of the collec- 
tion and expenditure of road funds. This Office should not, therefore, be held respon- 
sible for the absolute accuracy of the figures. It is believed, however, that, with some 
exceptions, they can be accepted as fairly correct, and that they will form a valuable 
bas.s for comparison and for future work of this kind.—LoGan WALLER Pace, Director. 
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exceed 5 mills on the dollar to pay outstanding road district warrants. 


In case this 5 mills is not sufficient, the county board shall annually 
thereafter make other levies for this purpose, not to exceed 5 mills on 
the dollar, until the indebtedness is paid. The law of 1903, in force 
in 1904, provided that in counties not under township organization 
one-half of the road tax might be paid in labor, allowing $1.50 for 
an 8-hour day. The law past in 1905, however, provides that the 
entire tax shall be paid in cash. In counties under township organi- 
zation the township and county road tax must be paid in cash. This 
does not apply, however, to the statute labor tax, which may be 
worked out. 

County commissioners of counties not under township organization 
may levy the same rate of road tax upon property within cities and 
towns of certain sizes as is levied upon property within the several 
road districts. One-half of the funds derived from this tax is used 
by the county for road purposes and one-half by the cities for similar 
purposes. | 

Every able-bodied male inhabitant over the age of 21 and under 
the age of 50 years residing outside the limits of an incorporated city 


or town, unless by law exempt, is required to pay a labor tax of $3. 


per annum. This tax may be worked out, allowing $1.50 for an 





















8-hour day. 
Mileage and expenditures in 1904. 
Expenditures in money and labor. 
Total Cash tax. Labor tax. Total 
Rone | miles of eter 
: F re in 
y public Road Number Value of cash anil 
roads. of men : 
levy— | Amount | cupject | labor tax labor. 
rate per | expended. | ,7") Be or | at $3 per 
$100. Pee capita. 
Cents. Dollars. Dollars. Dollars. 
Mose re. Pop sive cle cee. fei uth se Sou. a 1,152 3 7,500. 00 1,600 4,800. 00 12, 300. 00 
LA APA Fe apa Aaa en 900 (0) 3,506. 55 1,500 | 4,500.00 8, 006. 55 
IB PACT ae eerie eek oe Feet ee Re AES a 1,400 | 20 377.95 150 450.00 827.95 
EAN OS RS ae aR eae ee ¢ 20 30 104. 50 170 510. 00 614. 50 
Rigor TES. Ll a 1,000 50 | 5,000. 00 1,500 | 4,500.00 9,500. 00 
Bese Ee fs, SER aR Seay ee a te 30 360. 00 400 1, 200. 00 1,580.00 
CWA Lo LS cS re eae ei vi 40 6,000. 00 gS Br 3,381.00 9,381.00 
Paes tee Bia! l, aaatin sd : 140 18 | 2,470.00 "589 | 1,767.00 4237.00 
‘BUTT he e/a) Sas ee ee Oe ee a 1,728 (a) € 1, 800 5, 400. 00 5, 400. 00 
SNOW Ge) SRE Ss Se eee Ue et 775 (0) 14, 587.88 1,544 4,632.00 19, 219. 88 
MSE ble wee ek 7, WAR DO or Dae: a 1,000 (0) 6,857. 43 2,544 7,632.00 14, 489. 43 
eG ig a et a 1,200 26 | 18,740.00 2,300 | 6,900.00! 25,640.00 
oc nie tee Supas wy SR eee: a1,215 20 8,355. 00 1, 600 4,800. 00 13,155.00 
MME ee ahi hc etd 500 (d) (e) 440 1,320.00 1,320.00 
ABT OMIY sree ee Wee tee Peet Ue 311 5 1,091. 22 654 1,962.00 3,053. 22 
SUES CO i ea le a; 000 10 1,800.00 697 2,091.00 3,891.00 
Re a ete an Mane elfen 5 oot a1,152 | 60 8,570.98 2,379 7,137.00 15, 707.98 
Colfax 5 iia on ey Ae A Aey se ee LS See @ 850 15 5, 850. 00 1,618 4,854.00 10, 704. 00 
Serre ae ae eee Ee Bee a 979 174, 9,777.76 2,076 6, 228. 00 16,005. 76 
RBOSUGT ee Ae ee” Eh SE) ee Laps 2,540 (>) 2,131.40 3,671 11,013.00 13, 144. 40 
COSTES TEI elk 2 eat RI a ae a 712 20 4,000. 00 1,000 3,000.00 | 7,000. 00 
U2 lata Aa id Be ae ade ah Ri a 1,300 21| 1,452.36 700 | 2,100.00 3,552. 36 
WOH Wet TS 05 ol (ek ee a 1,400 15 4,500. 00 2,000 6,000. 00 10, 500. 00 
BRR i a Ran gk ooo Cae 348 10 | 2,108.66 498 | 1,284.00 3,392. 66 
bee bo Be Ss baad AE ee RE AA 0 8 | | @ Ls @ 20 6,791.55 1, 400 4,200. 00 10,991.55 
OUP Gren shine A. 0S" tee eho e oe a aj, (€) 2,678 8,034. 00 8,034. 00 
CUTS SE a Ne IN BARS Split 1 575 20 | 57,725.26 1,863 | 5,589.00 |. 63,314.26 


























a These figures evidently include a considerable 
mileage of section lines which have not yet been 
opened up for use as roads. 

b Rate varies in different townships. 
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ec This county is but sparsely settled. 

d Rate of levy not reported. 

¢ No cash expenditure reported. 

f Includes 12 miles of road surfaced with stone. 
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Mileage and expenditures in 1904—Continued. 
























































| Expenditures in money and labor. 
| 
Total Cash tax. Labor tax. Total 
miles of in expendi- 
: County. ublic | Number | ture in 
p Road Val f 
y mount | supiect | labor tax labor 
rate per | expended. toil J | at $3 per ; 
$100. olabor capit 
tax. Pe 

Cents. Dollars. Dollars. Dollars. 
Mee oo. ee ay as 10 824.78 451 1,353. 00 Pea Weel (he: 
alana , 152 10 25 Saas 13 2,359 7,077.00 11,909. 13 
I le lalla if M 950 30 8, 250. 00 1,651 4,953. 00 13, 203. 00 
ee - rae 20 2,200. 00 1, 400 4,200.00 6, 400. 00 
ia ea : te 30 4,500. 00 1,250 3,750. 00 8, 250. 00 
Gardsid oo bas Se Sone oe 41,528 41 | 11,886, 00 4,655 | 13,965.00 25,851.00 
eee 653 20 691. 25 400 1, 200. 00 1,891.25 
Bratt 0 Se ra 173; 1,849.00 849 2,547.00 4,396. 00: 
armed mer Oe SS oa ks c oa (d) 6,500. 00 995 2,985. 00 9, 485. 00 
Sere ------72+---=2---- a1,152. (€) 7,107.00 2,335 7,005. 00 14,112.00 
pe oA Se a 1,080 40 | 15,699.54 yA }5) 6,615.00 22,314.54 
oe Ol ot oe a 900 20 4,000. 00 1,147 3,441.00 7,441.00 
“a eee 600 30 1,201.50 700 2,100. 00 3,301.50: 
aS OLS. 6 i a 867 15 1,200. 00 600 1,800. 00 3,000. 00 
Re eo o9 = --- <2 7-22-72 => 1,198 (d) (J) 1,200 3, 600. 00 3,600. 00 
ape ee 20. Soon 6 Beeeae 9 30 3 300. 00 100 300. 00 600. 00 
: hag o-oo 700 20 4,100. 00 1,800 5, 400. 00 9, 500. 00: 
Pee oa og a1,040 10 4,530.11 2,471 7,413.00 11,943.11 
49 Se eo... e etn ee 756 50} 5,005.00 1,822 | 5,466.00 10, 471.00 
ay hae lors Joop Eee ee a1,075 (€) 2,159. 53 1,444 4,332. 00 6,491.53 
Le a 440 10| 1,007.18 295 885. 00 1,892.18 
MUM POMee es -..-.-2.2..--..-.22-% 202 20 1,048. 00 460 1, 380. 00 2, 428. 00: 
I 104 20 240. 00 160 480. 00 720. 00 
Rees, 2 ---1---.-- a1, 495 20 7, 437. 68 2, 828 8, 484. 00 15, 921. 68 
BOE aaa -«.--.--------.-.-2-.. 2,000 15 6, 400. 00 3, 000 9, 000. 00 15, 400. 00 
0 8 ee a 5,000 28 8, 012. 00 2,000 6, 000. 00 14, 012. 00 
L2H ont 312 (ad) 290. 00 149 447. 00 737. 00: 
eup eee ay 20 235. 60 350 1,050. 00 1, 285. 60° 
ee a a 900 50 | 22,552. 68 2,800 | 8, 400. 00 30, 952. 68 
0 a 900 45 | 14,322. 00 1, 196 3, 588. 00 17,910. 00 
(OES ee Se eee a 600 10 4, 655. 98 1,381 4,143. 00 8,798. 98 
OOM oe = rrr 870 10 4, 589. 80 2,199 6, 597. 00 11, 186. 80: 
SMO IIE) 0S re a@1,152 15 8, 637. 80 1, 767 5, 301. 00 13, 938. 80 
iM. ce 1, 290 (a) (1) 2,100 6, 300. 00 6, 300. 00 
0 792 (€) 14, 026. 04 1,968 5, 904. 00 19, 930. 04 
DOGGIE 5 ee 485 5 302: 54 350 1, 050. 00 1, 352. 54 
ee 540 (ad) (1) 1, 409 4, 227. 00 4, 227. 00 
OVC = a1,152 20 5, 743. 91 1, 383 4,149. 00 9, 892. 91 
I Riles Ah po a 972 (e) 8, 812. 09 2,117 6, 351. 00 15, 163. 09 
Meee o-----------.----.-..- 400 173} 5,970. 50 1, 800. 5, 400. 00 11, 370. 50 
I enna at nn 2. - a 1,000 20 9, 342. 96 1,500 4, 500. 00 13, 842. 96 
i 995 20 7, 628, 14 2, 669 8, 007. 00 15, 635. 14 
0 eee 260 (a) 2, 200. 00 625 1, 875. 00 4,075. 00 
Ae Or a@1,150 20°} 10,383. 00 1, 850 5, 550. 00 15, 933. 00 
0 336 24 7, 758. 14 1, 368 4, 104. 00 11, 862. 14 
CCIW GIRS. i a a a 1,680 (a) (f) 3, 201 9, 603. 00 9, 603. 00 
a 400 20 1, 500. 00 700 2, 100. 00 3, 600. 00: 
EE eee eee a4 1,000 163) 9,649. 44 1,930 5, 790. 00 15, 439. 44 
re 779 40 -3, 400. 00 604 1,812. 00 5, 212. 00 
UNM eats = 5-2 2-2 222 --4---- 707 20 2, 500. 00 1, 500 4, 500. 00 7,000. 00 
I. Le ip ee a 375 (e€) 252. 36 360 1, 080. 00 1, 332. 36 
UG ee h 621 10 2,694. 12 1,000 3, 000. 00 5, 694. 12 
ne a 900 20 | 16,620.15 2, 390 7,170. 00 23, 790. 15. 
murcnatygeee es. © = el 200 10 302. 45 100 300. CO 602. 45 
STS Ty ee 590 25 2,977. 00 897 2, 691. 00 5, 668. 00 
RSS ay ve = 2-0 oop scares a 800 15 1, 028. 57 1, 000 3, 000. 00 4, 028. 57 
a 615 15 | 18, 469. 00 2,133 6, 399. 00 24, 868. 00 
a edna denaee- a 934 15 7, 500. 00 1, 264 3, 792. 00 11, 292. 00 
AV SET 5 hae a1,100 25 6, 226. 00 1, 671 5,013. 00 11, 239. 00 
SLI Les a ee 432 30 1, 233. 60 343 1,029. 00 2, 262. 60 
nye, a1,152 9 2 423, 30 2, 808 8, 424. 00 10, 847. 33 
gtiadh oo. ee 7 Rly Mi dae 494,886. 40 | 127,887 | 383,661.00 | 878,547.40 

















d Rate of levy not reported. 

e Rate varies in different townships. 
f No cash expenditure reported. 

9 This county is but sparsely settled. 
h Includes 6 miles of sand-clay roads. 


a These figures evidently include a considerable 
mileage of section lines which have not yet been 
opened up for use as roads. 

b No roads have been laid out in this county. 

¢ Includes 5 miles of road surfaced with stone, 


[Cir. 61] 


4 é Ss se: ¥ We ii 4 
EXPENDITURES IN MONEY AND LABOR. ph Hy ie 


The amount derived from the property tax and expended on roads, ~ 
including the amount received in cash from the labor tax, was | 
$494,886.40 in 1904. The cash value of the labor tax estimated on — 
the basis of $3 per capita was $383,661, making a total expenditure — 
of $878,547.40. By comparing the total expenditure with the total 
mileage of public road and with the population of the State, it is. 
found that the funds collected and expended for road purposes 
amounted to $11.05 per au of public road, or $0.82 per inhabitant. — 

Maurice O. ELDRIDGE, 
Chief of Rene 
Approved: 
JAMES WILSON, 
Secretary a Agriculture. 


Wasuinaton, D. C., November 1, 1906. 
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United State Department: of Agriculture, 
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OFFICE OF PURTIC ROADS Circular No. 62. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF NEVADA: MILEAGE AND EXPENDITURES IN 1904.4 
MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 12,585 miles 
of public road in the State of Nevada, of which 4 miles were surfaced 
with stone and 60 miles with gravel, making in all 64 miles of im- 
proved road. By comparing the total road mileage with the area of 
the State, it appears that there was about one-ninth of a mile of pub- 
lic road per square mile of area. A comparison of mileage with popu- 
_ lation shows that there was 1 mile of road to every 3 inhabitants and 
1 mile of improved road to every 661 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The boards of county commissioners of the various counties in this 
State are authorized to levy a tax of not to exceed 24 mills on the dol- 
lar on taxable property for the purpose of constructing, repairing, 
and maintaining roads. There appears to be no provision in this State 
which requires citizens to perform labor on the roads or to pay a road 
poll tax. 





«@ This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the work of collecting these statistics has been difficult. Most of the 
information has been sent in by voluntary county correspondents appointed by the 
Department. Every effort has been made to verify all figures given, and in most 
cases local officials having supervision of the public roads or the public road records 
have certified to the correctness of the figures. Nevertheless, errors may have crept 
in. Mileage of roads on boundary lines of townships, counties, and States may have 
been reported twice in some cases. Many roads have never been surveyed or meas- 
ured, and in some instances careless methods prevail in keeping records of the col- 
lection and expenditure of road funds. This Office should not, therefore, be held 
responsible for the absolute accuracy of the figures. It is believed, however, that, 
with some exceptions, they can be accepted as fairly correct, and that they will form 
a valuable basis for comparison and for future work of this kind.—LoGan WALLER 
Page, Director. 
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Mileage and expenditures in 1904. 


Miles of public Levy and expendi- 
roads. qtures. 





POUNLY,, Total of |Surfaced| Road Total 
all public) with |levy—ratejamount ex- 








roads. | gravel.@| per $100.0; pended. 
Cents 

Churchill .c. 2... os gee oso set owen chee c Sele o clown uta sms csfernie cle meal 8 IO OOO lo ao clelele ateie | tte eee 
Douglas oy Ma TSE Se IS a Pace cactem aden © padet «tate ante ei me LOIN ey a ee ieee 25 $3, 500. 00 
BIKO Cals is rele er oe Bandanas on twlewen sa cen emia er ae ae OUU AI a sei ate ete itn 10, 000. 00 
Hismerald a. t..2 oon tb cc woie slalcin slo stomternte ie lars ope cne tee ete erate ait ummm COC DN Ri et tate reat Hee 1, 200. 00 
MOUTCK Ae Socal <7 6 as sielae somes = cite © ele See alert ea Shela sete © ears | aR fle eae 5 1, 500. 00 
TRUM DOIG. a ose PS sake Sem neue om mone odes eines Waki) Aa) OO iia meee 10 8, 383. 60 
Weatir Of vores oe ote cece cinele'= <n’ < oe ae ceiinlaine ciawsis avelere amiet aire ace OM orate ne eee 15 2, 000. 00 
PAUMCOUT oo av nies cre duels ce weet npneeneecuculetaes ce marccan sees miel i) Mis Canasta Ae 2, 225. 00 
HIVOMS eM cn ceca ana we ic snc puke moja pcinn winle mbes fn Sieh ainicinery en 20°} . eee 6, 000. 00 
IN VG Seren oie eiaiae iors civics views 0 win © ste ata ale claie imanininunte Giakmseieielelaleis/eielacesese lemme pilO On Herer atte arate tenn 1, 000. 00 
Ormsby 20° | 2 See 1, 818. 75 
SUMNER GS Gshonade OOF CeDOOSUU ODOC US PUSHES Dec Hoe rbeoreaEeoomeao pp  MAUMSSaeebooorl csc ce 250. 00 
Washoe 10 10 8, 400. 00 
White Pine 10."| Veer 598. 50 

Total 60 70 46, 875. 85 








a Where figures are not given in this column, no mileage has been reported. 

b Where figures are not given in this column, no levy has been reported. 

cReport from this county indicates that asmall sum is used each year in building and repairing 
bridges over irrigating ditches, and that little money is expended on roads. 

dIncludes 4 miles surfaced with stone. 


AMOUNTS EXPENDED. 


The amount derived from the property tax and devoted to road _ 
improvement was $46,875.85 in 1904. By comparing the total expendi- 
ture with the total mileage of public road and with the population of 
the State, it is found that the funds collected and expended for road 
purposes amounted to $3.72 per mile of public road, or $1.10 per 


inhabitant. 
Mauricr O. Evpriper, 


Chief of Records. 
Approved: 7 


JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., Wovember 1, 1906.  , 
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United States Department of Agriculture, 
OFFICE OF“sPUBLIC -ROADS—Circular No. 63. 
LOGAN WALLER PAGE, Director. 


_ PUBLIC ROADS OF KANSAS: MILEAGE AND EXPENDITURES IN 1904.4 
MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 101,196 
miles of public road in the State of Kansas. This number repre- 
sents the miles or roads which had been opened up and were in use 
at that time. Section-line roads not yet opened for travel have been 
excluded, except in cases where it was impossible to secure a report 
showing the mileage in actual use. Of this mileage, 1584 miles were 
surfaced with gravel, 111} miles with stone, and 3 miles with shells, 
making in all 273} miles of improved road. By comparing the total 
road mileage with the area of the State, it appears that there were 1.2 
miles of public road per square mile of area. A comparison of mile- 
age with population shows that there was 1 mile of road to every 
14 inhabitants, but only 1 mile of improved road to every 5,386 


inhabitants. 
TAXATION FOR ROAD PURPOSES. 


The county commissioners of each county may levy an annual 
road tax of not to exceed 3 mills on the dollar on all taxable property 
in their respective counties, except on real estate in cities of over 
2,000 inhabitants. This tax may be paid in labor at the rate of 
$1.50 per day, or $3 per day for man and team. 








a'This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the work of collecting these statistics has been difficult. Most of the 
information has been sent in by voluntary county correspondents appointed by the 
Department. Every effort has been made to verify all figures given and in most 
cases local officials having supervision of the public roads or the public-road records 
have certified to the correctness of the figures. Nevertheless, errors may have crept 
in. Mileage of roads on boundary lines of townships, counties, and States may have 
been reported twice in some cases. Many roads have never been surveyed or meas- 
ured, and in some instances careless methods prevail in keeping records of the collec- 
tion and expenditure of road funds. This Office should not, therefore, be held respon- 
sible for the absolute accuracy of the figures. It is believed, however, that, with some 
exceptions, they can be accepted as fairly correct and that they will form a valuable 
basis for comparison and for future work of this kind.— LoGaN WALLER PAGE, Director, 
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In counties having a population of 8,000 or over the county com- 
missioners may levy a 2-mill tax on all property, city and country, 
for the purpose of permanently improving roads. This tax, how- 
ever, must be authorized by a vote of the people before it can be 
levied. As there seems to be no provision for working out this tax, 
and as it appears to be for permanent road work, it is assumed that it _ 
must be paid in cash. Fifteen per cent of the cost of roads con- 
structed from this fund must be assessed against the real estate lying 
within one-half mile of the roads improved. | 


Mileage and cxpenditures in 1904. 
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Miles of public roads. Expenditures in money and labor. © 
| | Cash tax. | Labor tax. 
| Su Sur i: | Number oe ve - 
£ mm re * . and labor 
ey ae ot faced | faced Bah Amount | fmen | Valueof | — taxes. 
lie roads.|_ With | with | “Soto | éxpendea | Subject | taxat | 
IC TOACS «|p ravel.a| stone.@ he aaah , | totwo | $1.50 per 
| $100 | - 1. days’ day. 
at | labor. 

| Cents. | Dollars. | Dollars. |° Dollars. 
iii ee Fy (is Ree eee 31 30 | 9,836.77 2,150 6, 450 16, 286. 77 
Andersons... 2... IUUO6 ALLE te, A 30 | 9, 425.00 1, 600 4, 800 14, 225. 00 
PRCOHIS OU eee oe PD sees 3 30 8, 643. 00 3, 000 9,000 17, 643. 00 
Barbers: ach ee S124 Sas, SOs Renee e 10 2,400.00 1, 200 3, 600 6, 000. 00 
ataneeud Stalk Bene ee ETN Bee cairn epsiey Saar. 1, 304 3,912 3,912. 00 
‘Bourbon :........-- rt eg 10 30 16,000. 00 4,000 12, 000 28, 000. 00 
IBTOWISe eee ace ATG) i Ee sheds a 40 4,843. 07 3, 540 10, 620 15, 463. 07 
IBLIGIGR eee Lee eck 1200 sl See PRE ak ees ‘i Oa Maclean Lae 2,000 6,000 6,000. 00 
Je 1 ee SG tae do he kd ae 20 6,000. 00 400 1, 200 7, 200. 00 
Chautauqua.......- Ai Leone & ey 30 | 3,045. 49 1, 400 4,200 7, 245. 49 
(hérokee sss. ..-...| 700 Te ones 30 | 3,251.86 4, 834 14, 502 17, 753. 86 
Cheyenne...........| GOO WEE ve. hone Me te 3 394. 84 306 918 1,312. 84 
DEE ie Ee | 1A) 1, Sele bd ieere bee. Heb SUNS 300 900 900. 00 
ASE 9 GE a eat ee BOOT. iret 5 etna 30 2, 000. 00 4,000 12,000 14, 000. 00 
(CHOW pe eS Ie il at OR ee ee era Aide othe ce (0) BSA oes 1, 600 4,800 4, 800. 00 
even. | ROO | Wegener: Re at | (a) 10, 014. 67 2, 382 7,146 17; 160. 67 
Comanche....:....- | A Dal se thake oe ee eS (¢) 200. 00 500 1, 500 1,700. 00 
SOW iy seek. Fa A200 or 3| (a) 24, 656. 10 2,297 6,891 | 31, 547.10 
OrawioOrdy sere oe Hee LoS UEP “ae 30 36,000. 00 3,718 11, 154 47, 154. 00 
MUCCAUAL.., giacwcls - c « 1446 Dale veee eae ee be (d) 7,012. 00 1,500 4, 500 11, 512. 00 
Dickinson tis oye | Ie O34. oe MRA ae 30 13, 000. 00 1 4, 433 13, 299 . 26, 299. 00 
ampli a niece eet | LOG ee el eae ao (d) 24, 679.13 802 2, 406 27,085. 13 
Pougias. Yo Oe 1,000 HERO TIL 3 15 | 29,114.00 4,000 12, 000 41, 114. 00 
Edwards.......... a EC MR ie Ib, 2| (4) 2,949. 11 738 2,214 5, 163. 11 
oe SEES hh ea | WOOL US ean See 30 6,000. 00 1, 600 4, 800 10, 800. 
ATT ee ee | 700 56 10 Ape (2). 1 7, 250. 00 72 1,716 8, 966. 
Ellsworth.......... | GOLF AEE OPI AE 4a 30 | 2,101.63 1, 400 4,200 6, 301. 
Lvhawarey ee See ale | SO Ups e a ae ea 8 (CC) eile Fae Cue are 453 1, 359 1, 359. 
(Vege 2 See Sl 634 jst o. Va eene 25 2,170.77 495 1, 485 3, 655. 
erate yee ae | 1, 152 20 15 30 4, 500. 00 2,000 6, 000 10, 500. 
(i Tae 6 ee ee ea | HOO taee 4 30 4, 642. 00 500 1, 500 6, 142. 
CE te eee Sa 106° 131 3 Pee CORY WERE Sra. ee 479 1, 487 1, 487. 
Cagrioyeneals ee, SA | 890 Nace | 14 20 4, 800. 00 800 2, 400 7,200. 
CHUANUL ee ee er es 13) lg SAN Neds sh el erage C2 els A POO 
Cg gst: ee Aree | Lae (ere ee RF [Me on Fe @ 5 500. 00 300 900 1, 400. 00 
CETOGIOV te tenes cite a: PANE WS INA Ba Sie Rhine (CI Rete teetome + 105 315 315. 00 
Greenwood......... 1; S00 EN ea rine (@) |/12,000.00| £3,000 9, 000 21, 000. 00 
PILI BONN ett Se 35 oy Oy ates (4) 475. 00 200 600 1,075. 00 
Harper... 0:........ Gia ode ade fled | 30 | 3,163. 44 1, 500 4, 500 7, 663. 44 
Marve. Oise: See Nos Pe bo] ee a ee (a) 11, 340. 03 1, 087 3, 261 14, 601. 03 
1 | Sa DBO) see cee A, oer eon re Le (CC) el | Nas ce av 20 Eee |. onlaee Je teen oe 








a Where figures are not given in these columns, no mileage has been reported. 

>» Where figures are not given in this column, no cash expenditure has been reported and it is assumed 
that none was made. 

¢ No levy reported. 

d Road levy varies in the different townships. 

¢ Includes 3 miles of shell roads. 

f Estimated in this Office. 

9 Report from this county indicates that roads are naturally good and have not been ‘‘ worked” for 
15 years. County very dry and sparsely settled. a 

h Report from this county shows that roads are naturally good and that no money or Jabor has been 
expended upon them, 
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Mileage and expenditures in 1904—Continued. 





Miles of public roads. 





Expenditures in money and labor. 




































































Cash tax. | Labor tax. 
(: Total cash 
County. Totalot} 2! | 84 | Road Number and labor 
all pub- faced | faced levy—| Amount | Cfmen | Value of taxes. 
Navoads pon) with, | 34 expended subject tax at 
‘ gravel.a| stone.a per incash.» | totwo | $1.50 per 
$100. days’ day. 
labor. 
Cents Dollars. Dollars. Dollars. 

Hodgeman......... WO Pee cee. (¢) 1, 000. 00 450 1, 350 2, 350. 00 
MmeROOT.<\ 2. ....:.~ TOU Neate eet eke «= (¢) 25, 827. 88 2, 500 7, 500 33, 327. 88 
WepoOreon........... 191 ie 3 30 1, 895. 53 3, 855 11, 565 13, 460. 53 
LSS ae Te Ae EAS. ee ag 30 | 14,000. 00 2, 500 7, 500 21, 500. 00 
Lone ae P O00 252 6 oped od gh MON 1 beled 1,646 4,938 4,938. 00 
IN | eA) ad a Les Cea CCNA naa Cay oer 200 600 600. 00 

Ringman....:...... BU eek Meee a oe 30 6, 000. 00 1, 500 4, 500 10, 500. 00 

0 Oe Hats DI seg & tal al pe I CONE eee ek SES 600 1,800 1,800. 00 

Mahetter........... Re ed ils wre nate 30 | 12,723.93 2,000 6,000 18, 723. 93 
a DO acs ey ak ait te (¢) 25. 00 200 600 625. 00 
Leavenworth....... POU fae ay a4 53! 30 1, 158. 03 10, 500 31, 500 32, 658. 03 
yoeol hte 6 DOO Ftc Steels eee | 30 400. 00 2,000 6, 000 6, 400. 00 
PCG ee EE aa Al ak ER aa (4) 10, 881. 99 2,441 7, 323 18, 204. 99 
2 LFS Se EA 1 a PP ee (¢) 1,080. 00 540 1, 620 2,700. 00 
PME... SUNS aoeeeecl aes h. 30 5, 203. 71 1,100 3, 300 8, 503. 71 

McPherson......... tee G1" ugh ae aaa ae (4) 24, 850. 59 2, 287 6, 861 31, 711. 59 
ESO sco. - - gece Maire: eyes 6 Me pope 0 Hypa aes Sade 3, 000 9,000 9,000. 00 
vO a POU BARN: See 30 | 15, 260.00 3,000 9, 000 24, 260. 00 
1 ae AOC ee ee fee (2) 1, 643. 06 221 663 2, 306. 06 
emer... PRI SO rate bt | 5 30 | 5,161.65 1,584 4, 752 9,913. 65 
eo LEE? UO Peas a: 20 7, 226. 27 1,935 5, 805 13, 031527 
Montgomery....... NE 2OO Mere oe tec, Sethe 30 | 11,630. 40 6, 950 20, 850 | 32, 480. 40 
oS Se S00. dh an aes oe, 30 | 20,140.00 2,000 6, 000 26, 140.00 
ea hh | La ae eae GR) Aa aulie ca efusaeia| siete ore wi aut epore Wiss eho) eee 
Mematia. $.:.......- Le ee Caen ee 30 | 20,000.00 4,000 12, 000 32, 000. GO 
OOS el ae isa be ot pn ed ek pected | 30 | 7,021.00 2, 160 6,480 | 13, 501.00 
TPR sy gen, '< => ---| Se. ee Tn. be 3 ie) Ge) 4, 607.55 654 1,962 6, 569. 55 
lop OOD is eee tee merce (OVW pile se eeere tte 1, 730 5, 190 5, 190. 00 

0 AN Beet ce Ae eae ne 30 | 10,231.64 2,326 6,978 | 17,209.64 

Osborne. ..........- rie i Bs aed 2 30 | 8, 258.98 1, 752 5, 256 13, 514.98 

7 PRD ed Sc tewices b+ (a) 19, 315. 47 1, 337 4,011 23, 326. 47 

Meee. 5.2... 4. jek ll ae coed aa ener Cal OR ee 700 2, 100 2, 100. 00 

Prarie ico... ....| SOU S21 8S: we ae 50 2, 784. 76 2, 400 7,200 9,984. 76 

Pottawatomie...... 1, 400 2h (Beagles 30 | 14, 400. 00 2, 500 7, 500 21, 900. 60 

oy A POO ela che hig Bh lees (4) 877.75 802 2, 406 | 3, 283. 75 

ING DOU ee ese Ns noe 15 | 2,200.00 425 1,275 3, 475. 00 

SN an ads ee eee rit ceo. x « 20, 10,000.00 4, 500 13, 500 23, 500. 00 

BOOPIOUC. so... 2.-.- La ON Se a ie ae hy TE Sie ea Gis Gait 2, 500 7, 500 7, 500. 00 

ite Le a ee 1, 381 HORS At See (¢) 1) 9,327. 42 2,180 6, 540 | 15, 867. 42 

SN a | BELO) | teen os WP eae Ch all ch ane ee 2, 000 6, 000 6, 000. 00 

EOChseee rs th 5. Be 10 ee | 44; (4) | 7,643.35 1,050 3, 150 10, 793. 35 

A LGU Nin a's De RESe ae (¢) | 4,983.64 766 2, 298 7, 281. 64 

“Paw Gall es A ZOO eee ae = he ee 30 5, 610. 00 1,870 5,610 11, 220. 00 

0 NOT we ne Nord UG Tey capella SUE 1, 892 5, 676 5, 676. 00 

“ee. | OPA ee ay oN Os tee (CO) a eit oe eects 200 600. 00 

meds Wick........... ASCE LST aA a RS ek Cai atin To ep ely eee Be 2,970 8,910 8,910.00 

ROI EGee Ree... 5 - Te QOG ae ete ee GC) eee es 150 450 450. 00 

Shawnee..........-- LE 200 ee eee | 10 (a) 27, 247: 79 1, 782 5, 346 32, 593. 79 

pnerdan............ gs as eS ae it: Ceres. (@) 648. 27 685 2,055 2, 703. 27 
ShielWantr Oe ZOO MERE tales # (OC) ab Reese eee 600 1,800 , 800. 00 
“tly ie RSA eae MAH | on Bee 30 11, 261. 00 2, 400 7, 200 18, 461.00 

(ON DOO ieee oat eet 20 1, 501. 36 1, 800 5, 400 6,901. 36 

PeitpOlen - 5... - BOOM era ee Se (C) iia eee oo 90 270 270. 00 

mPOVOeNGse foc. 5... DOO eee ees me ok (A) Gh asi a) Bb eth 275 825 825. 00 

Benineree 4.0... .- TSS tee ees le ee 25 | 18,000.00 6, 000 18, 000 36, 000. 00 

SROIIAS!... 2. «.-.a.- 1 Fiuleee eee ky Rear 20 155. 34 504 1,512 1, 667. 34 

a GP. He loys neice IR Lg eee (Cree lye artes cote 200 600 600. 00 

Wabaunsee......... SE BOO) Pete ere eth es. ox 30 9, 500. 00 1,000 3,000 12, 500. 00 

BUVeinGe...-....-.-.| TilGsee Mea (C) a lecote esc ee 224 672 672. 00 
Washington........ | UT Vy Shy ee A ae 30 | 12,478. 47 / 1,000 3, 000 15, 478. 47 

ae : Th 4 Gee Uae pee geo ce (¢) 9, 500. 00 320 960 10, 460. 00 

| 938 i DORR 30 | 10,965.00 1, 500 4, 500 15, 465. 00 

MOOUSON. .<0 <0... REDO eae eee e es oct 30 5, 788. 71 1, 250 3, 750 9, 538. 71 

Wvvanaotte......... 1 aN eras, 23 Dy hes20) OOO! 00? |aete tee cae eine 20, 000. 00 

iat | 101, 196 1584 ap i ee eee 692, 823. 45 179, 998 | 539,994 | 1, 232, 817. 45 





a Where figures are not given in these columns, no mileage has been reported. = 
b Where figures are not given in this column, no cash expenditure has been reported and it is assumed 


that none was made 
¢No lev 


reported. 


. 


@d Road levy varies in the different townships. 
¢ No roads laid out in this county, 
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j Estimated in this Office. 
g This county is but sparsely settled. 


: | 

In the counties of Morton, Phillips, Rooks, and Smith the county — 
commissioners may levy a 10-mill road tax on all property outside — 
of incorporated cities and towns. This tax may also be worked out. 
Numerous laws have been past from time to time authorizing 
counties to levy special taxes for road and bridge purposes. 

Every able-bodied male resident outside the limits of cities and 
towns between the ages of 21 and 45 years, unless by law exempt, 
is required to perform two days’ labor annually upon the public 
roads. In leu of this labor he may furnish a substitute or pay the 
road overseer $1.50 for each day he is required to work. 

The township boards of the various townships are authorized to 
levy a township tax of not to exceed 3 mills on the dollar, the revenue 
derived from which is to be used on road work in the township in 
which the tax is levied. The law of 1905 provided that such taxes 
must be paid in cash, tho previous to that year the taxpayer appar- 
ently could work out this tax if he preferred. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from these various sources and expended on 
roads was $692,823.45 in 1904. The cash value of the labor tax, 
estimated on the basis of $1.50 per day, or $3 per capita, was 
$539,994, making a total expenditure of $1,232,817.45. By compar- 
ing the total expenditure with the total mileage of public road and 
with the population of the State, it is found that the funds collected 
and expended for road purposes, including the estimated cash value 
of the labor tax, amounted to $12.18 per mile of public road, or $0.83 


per inhabitant. 
MavRricE O. ELDRIDGE, 


Chet of Records. 
Approved: 


JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., November 10, 1906. 
[Circ. 63] 
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PUBLIC ROADS OF IDAHO: MILEAGE AND EXPENDITURES IN 1904.4 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 18,163 miles 
of public road in the State of Idaho. Of this mileage, 195 miles were 
surfaced with gravel and 17 miles with stone, making in all 212 
miles of improved road. It will be seen from these figures that about 
1.2 per cent of the roads has been improved. By comparing the total 
road mileage with the area of the State it appears that there was 0.2 of 
a mile of public road per square mile of area. A comparison of mile- 
age with population shows that there was 1 mile of road to every 9 
inhabitants and 1 mile of improved road to every 763 inhabitants. 


TAXATION FOR ROAD PURPOSES. 


The rate of taxation for road purposes is fixt by the boards of 
county commissioners. ‘This tax must not be less than 10 nor more 
than 60 cents on each $100 worth of taxable property. This tax may 
be worked out. 

Every male inhabitant over 21 and under 50 years of age is required 
to perform two days’ labor annually on the public roads or pay to the 
overseer a commutation tax of $4, or such smaller sum as the board of 
commissioners may fix. 





@ This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the work of collecting these statistics has been difficult. Most of the 
information has been sent in by voluntary county correspondents appointed by the 
Department. Every effort has been made to verify all figures given, and in most 
cases local officials having supervision of the public roads or the public-road records 
have certified to the correctness of the figures. Nevertheless, errors may havecrept in. 
Mileage of roads on boundary lines of townships, counties, and States may have been 
reported twice in some cases. Many roads have never been surveyed or measured, 
and in some instances careless methods prevail in keeping records of the collection 
and expenditure of road funds. This Office should not, therefore, be held respon- 
sible for the absolute accuracy of the figures. It is believed, however, that, with 
some exceptions, they can be accepted as fairly correct, and that they will form a 
valuable basis for comparison and for future work of this kind.—Logan WALLER 
Paaes, Director. 
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Mileage and expenditures in 1904. 
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County. 


Oneida 
Owyhee 


Shoshone.. 
Washington 


sc 
ae 


Nez Perce... 


won e een eens 


eee eee eee eee 





Miles of public road. 





Total of 
all public 
roads. 


Sur- 
faced 
with 
gravel.a 





160 
1, 000 


18, 163 





ee 
a 
een wee eee 


eee ee eons 


198 | 





Sur- 
faced 
with 
stone.a 





weer eens 


woe ee eae 


eee e eens 


meee eee 

















Property tax. Labor tax. 
Road Num- | Cash value 
levy— | Amountof| ber of | of tax at $2 
rate tax ex- men | per day or 
per | pended.® |subject| #4 per 
$100. to tax.| capita. 
Cents. 
21 | $16,500.00 | 1,000 $4, 000 
40 6,000.00 | 2,000 8, 000 
(c) 2, 360. 00 590 2, 360 
10 3,750.00 | 1,500 6, 000 
30 | 18,293. 43 500 2, 000 
20 4, 425. 59 500 2, 000 
20 8,321.88 | 1,500 6, 000 
10 850. 00 600 2, 400 
10 4,000. 00 400 1, 600 
15 4, 446. 76 575 2, 300 
(0) al ses eee 1, 520 6, 080 
50 | 18,333.36 | 2,500 10, 000 
a75 | 389,500.00 | 3,000 12, 000 
16 | .17,452,.81 | 2,000 8, 000 
30 4, 155, 20 300 1, 200 
15 3, 500. 00 350 1, 400 
50 | 25,000.00; 2,500 10, 000 
20 4,745.45 | 1,000 4, 000 
CO) Re oS cae 1, 500 6, 000 
10 | 26,700.00 |} 8,000 12,000 
10 3, 313. 52 650 2, 600 
Seems 201, 648. 00 109, 940 











27, 485 | 








a Where figures are not given in these columns, no mileage has been reported. 
6 Where figures are not given in this column, no cash expenditure has been reported. 
c Rate of levy not reported. 

d Includes a special tax of 50 cents. 


EXPENDITURES 


” 


IN MONEY AND LABOR. 





Total 
property 
and labor 
tax ex- 
pended. 


$20, 500. 00 
14, 000. 00 
4,720. 00 
9,750. 00 
15, 293. 43 
6, 425. 59 
14; 321. 88 
3, 250. 00 


The amount derived from the property tax and expended on roads 
was $201,648 in 1904. The cash value of the labor tax, estimated on a 
basis of $2 a day or $4 per capita, was $109,940, making a total ex- 


penditure of $311,588. 


Approved: 
JAMES WILSON, 
Secretary OF Agriculture. 


Maeerneron D. C., Movember 15, 1906. 
O 


By comparing the total expenditure with the 
total mileage of public road and with the population of the State, it is 
found that the funds collected and expended for road purposes, inelud- 
ing the estimated cash value of the labor tax, amounted to $17.15 per 
mile of public road, or $1.92 per inhabitant. 


Maurice O. Evpriper, 


Chief of Records. 
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Issued January 24, 1907. 


United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS —Citeular No. Se ¢ gan, 
: Ho See 


~ 





LOGAN WALLER PAGE, Director 


_ PUBLIC ROADS OF COLORADO: MILEAGE AND EXPENDITURES IN 1904.0 


MILEAGE OF ROADS. We gb 


The accompanying table shows that in 1904 there were 30,214 — 
miles of public road: in the State of Colorado. Of this mileage, 121 
miles were surfaced with gravel and 57 miles with stone, making in all 
178 miles of improved road. It will be seen from these figures that 
one-half of 1 per cent of the roads has been improved. By com- 
paring the total road mileage with the area of the State it appears 
that there was about three-tenths of a mile of public road per square 
mile of area. A comparison of mileage with population shows that 
there was 1 mile of road to every 17 inhabitants, but only 1 mile of 
improved road to every 3,032 inhabitants. 


SOURCES OF REVENUE. 


The boards of county commissioners in the various counties of this 
State may levy a tax for road purposes not exceeding $1 on each $100 
of assessed valuation of property. The funds collected from this 
levy are apportioned by the commissioners among the several road 
districts in the county. 

Every able-bodied man between the ages of 21 and 40, residing 
outside the limits of cities or towns, is required to pay $2 annually to 
the overseer of the district in which he resides, or in lieu of such sum 
to labor two days upon the public roads. 

Appropriations are made from time to time by the legislature from 
the internal improvement fund or the internal improvement perma- 
nent fund for the purpose of building State roads in the various coun- 
ties of the State. 


EXPENDITURES IN MONEY AND LABOR. 


The amount expended by the various counties from the regular 
county levies was $601,060.63 in 1904; the estimated cash value of 





aThis leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the collection of these statistics has been difficult. Most of the informa- 
tion has been sent in by voluntary county correspondents appointed by the Depart- 
ment. Every effort has been made to verify all figures given, and in most cases local 
officials having supervision of the public roads or the public-road records have certified 
to the correctness of the figures. Nevertheless, errors may have crept in. Mileage 
of roads on boundary lines of townships, counties, and States may have been reported 
twice in some cases. Many roads have never been surveyed or measured, and in some 
instances careless methods prevail in keeping records of the collection and expendi- 
ture of road funds. This Office should not therefore be held responsible for the abso- 
lute accuracy of the figures. It is believed, however, that, with some exceptions, they 
can be accepted as fairly correct, and that they will form a valuable basis for com- 
parison and for future work of this kind.—LoGAN WALLER Pace, Director, 
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the labor tax was $71,828, and the amount expended by the State 
in various counties on road work during the calendar year 1904 was 
$34,335, making a total expenditure by the counties and State of 
$707,223.63. It will be seen from the table that the cash value of 
the labor tax in each county has been estimated on the basis of $1 
per day for two days, which is the basis authorized by law for workin 
out poll tax. It may also be observed that the amounts expende 
by the State in various counties represent one-half of the total 
amounts expended by the State in those counties during the two 
years ending November 30, 1904. The appropriations having been 
made to cover a period of two years could not be separated so as to 
show the exact amounts expended during the year 1904. By com- 
paring the total expenditure with the total mileage of public road 
and with the population of the State, it is found that the funds col- 
lected and expended for road purposes, including the estimated cash 
value of the labor tax, amounted to $23.40 per mile of public road, 
or $1.31 per inhabitant. 
MavRricE QO. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


“WASHINGTON, D. C., December 1, 1906. 


Mileage and expenditures in 1904. 





























Expenditures by State and counties. 
Miles of public roads. | State ex- 
Property tax. | Labor tax. pendi- Total 
| ture. | amount 
paualy, R N ee Amount oy Bla 

Total | Sur- | Sur- Naas Cash ex- | Spinet | Value of }expended| and 

of all | faced | faced ace. penditure | 45 he 9 | taxat | by State counties. 

public | with | with ap by coun- | gavg? ja-| $1 per in va- 

roads. |gravel.a| stone.a| .P ties. y day. rious 

| $100.0 bor an- eountiant 
nually. ; 
| Cents. | Dollars. Dollars. | Dollars. | Dollars. 

FAC ATT see eee | D004 eae so eee 25 | 10,000.00 2,000 4,000 625 | 14,625.00 
Arapahoe......- | 600 A() seen eee 10 4,747. 24 500 1,000. 22-2 eee 5, 747. 24 
Archuleta....... | 400 sia aer Pe eee Ee. 50 5, 000. 00 400 800. | S22 eee 5, 800.00 | 
IBACaee tone. es | OD Stee Ss See ee | eee 13. 50 (¢) Noon. a ee 13. 50 
Ben tte ee oe | 140 ieee 2 75 | £12,000. 00 700 1,400 | 225 13, 400.00 — 
Boulders. eee - A ed 200) jee ae tee | rere 33 | 35,000. 00 500 1,000 1,500 | 37,500.00 
Chaffee.......... AOU. eaten cea ee alee al eee ae 4,000. 00 1,000 2,000 785 | 6,785.00 
Cheyenne. ...... DOO ESS SSE ieres, See eee. 8, 200. 00 250 500 jsp eaceee 8, 700. 00 
Clear Creek..... 100M see chee eee 65 | 16,617. 44 800 1,600 2,500 | 20, 717. 44 
COneIOS?. -kees : 404 Rosnce chet eee 30 2, 669. 00 1,200 2,400 1,500 | 6,569.00 
COstilla teeter: SOOT 2t5 oR ee a 25 3, 800. 00 400 800 750 | 5,350.00 
Custers.o8..eee: SO0F 2 ee ets Sees 50 4,186. 06 151 302 1,000 | 5, 488. 06 
Deltateerre sas” e BOOS eee ce eee 60 | 20,000. 00 1,000 2,000 \|\C2 ae aeeen 22, 000. 00 
Denvyeryee see (en BOSS Cea Sere ORME PARRA eM MSee soe se 
IWGLOTES 2 asec nO Means ce eee 15 768. 47 204 408 2,500 | 3,676. 47 
DPongiassss..... ABO Titan ce eee ier eee 15 5, 223. 91 195 390.)| :.. sae 5, 613. 91 
Harlot esse. eee 175 Sieeneiede faeries 60 8, 756. 03 325 650 |. anes 9, 406. 03 
MDOT. Sk =e 500 eee bs ceheraa 50} 11,000. 00 500 1,000. | 2 eee 12, 000. 00 
WISP aSOmea aes OOD ess 1 ee Gato 70 | 18,935. 55 (¢) | |e.is.o-: ie—— 18, 935. 55 











a Where figures are not given in these columns, no mileage has been reported. 

b Where figures are not given in this column, no levy has been reported. { 

¢The amounts given in this column are one-half of the appropriations made by the legislature for 
roads and highway bridges for two years ending Nov. 30, 1904. Where figures are not given, no appro- 
priations were made. 

d This county is but sparsely settled. 

€No labor tax reported. 

/ For roads and bridges. 

9 The county of Denver has no rural roads. The entire county is included in the city of Denver. 
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‘Mileage and expenditures in 1904—Continued. 





Miles of public roads. 





County. 
Total 
of all 
public 
roads. 
Mremonto.....-.< a580 
Geartield © ..2.... 861 
Pep Uitenear co. - 160 
GR HOG Wate eae 212 
Gunnison....... 700 
minsdale........ 100 
Huerfano....... 500 
Jefferson.......- 1, 400 
moO W He gee. << - 90 
ReTOCATSON:. =... 23 
Wak@ee cose o es. 88 
aeilabeaescse* 550 
poh) i ae 2,000 
Las Animas. .... L160 
PAnCOlMsse - J. - 87 
Oa eee 836 
CE a 1,613 
Mineral... -.-.- 100 
Montezuma..... 350 
Montrose....... 996 
IMOEPAN scan... 400 
(OAC Roa ee 600 
OTIC Vescee = ss - o 480 
ds F165 
Pa ae 19 
Did eht Se’ 275 
iPYOWOLUS.s...---'- - 375 
Penis... - 1, 400 
Rio Blanco...... 457 
Rio Grande.....! 450 
VOU tes ots k's, - 900 
Saguache........ 950 
Sd ae 100 
San Miguel...... 300 
Sedgwick........ 146 
bhai a 130 
MEN LEN ese igh pet ea 194 
Washington .... 714 
Pitter ics. 2,000 
alt Ase 200 
AMOS HH sy = Bee 30, 214 





Expenditures by State and counties. 






































a ae State ex- 
roperty tax. Labor tax. peal Total 
i : Sone 
Number | pal ey 

Sur- | Sur- | oes Cash ex- ohne: Value of eee yes . 
faced | faced | “TY, | penditure | S's | tax at | by State | counties. 

with | with Ae by coun- ere hes $1 per | in va- 

gravel.| stone. $100 ties. b ae eee day. rious 

‘ nually. counties. 
Cents. | Dollars. Dollars. | Dollars. | Dollars. 

aed Gaaetes 40 | 26,000.00 1,500 3,000 |..........| 29,000.00 
60 50 50 | © 17,879.04 450 900 2,500 | 21,279.04 
eee es ee Shin 7,012.46 (ey Lc O00 aeons 
1 yell a EER 4() 2, 680. 38 400 800 1,500 4, 980. 38 
eye eee bas ee 35 9, 162. 00 1,950 3,900: |. «aa Soest telos Coen 
= SE See 25 150. 00 to 150 1, 250 1, 550. 00 
a a eal et a 25 | 48,961.87 884 1568) See Om 2One a 
Coe A ee 50 | 22,815.09 500 1,000 1, 250 | 25,065.09 
A Sy IG gE | Os eo 10 663. 00 150 S002 a eee 963. 00 
i SSIS Bes 15 2, 808. 75 281 SVG co kaoae)|| Shay) An 
ae ee ee ial 6, 000. 00 (¢) Sy erate cite, wane, Sera Osi OO Oe 
LA aed Ce eg 30 10, 500. 00 700 1, 400 2,500 | 14, 400.00 
Sie Oh ace: 70 | € 45,000. 00 3, 000 6,000 |.........-| 51,000.00 
Sn Ce ge 35 12, 000. 00 2,500 BD OO0G/Ee. 222-2 Il (000800 
eS et ae 15 | 42,700.00 (¢) ne See ema PL INOT, 
Seat el el See 15 2,312.01 341 O82 Neeeee cc acelin coe IO 
5 te 35 | 19,000.00] (¢) |..........| 3,500 | 22) 500.00 
et: 08 et ee 50 | 44,078.00 (¢) eee pao! LY he 
ope Bes aes ae 50 6, 074. 00 730 Ty 460s eee tae DOLAOU 
Se eh ERS 30 6, 600. 00 600 Ly 2003S See cl SOU KOU 
pkg Ses eine De ea 40 | €10, 000. 00 500 1, O00 Sees etl OCOROU 
Lae Rae ee 5 50 15, 000. 00 741 1, 482 2,175 | 18,657.00 
ene SECM areas ae 50 10, 000. 00 790 1,580 2,500 | 14, 080.00 
[ion kd Berea ene = 25, 000. 00 eo 1,000 2,500 | 28, 500.00 
Sat negra geen rare eee 2 250. c Becht eeete tellin, 8 2 cade, YE 250. 00 
See liars. eer oe 20 7,500. 00 585 UU erasers tay (OSE 
yon ee nee 50 12, 1438. 00 356 C2 eee 12, 855. 00 
be nied ee eae 12 | 30,000. 00 (¢) Bee rage air (ay OU MOU) 
Bape Neg ale Se cl, 30 3, 000. 00 yar 304) [20 sess an oo4s00 
ee oe eee 40 7,000. 00 525 AP ODO pie saree ORO OUROU 
Mee a eta 3. 40 | 14,170.00 1,000 2,000 |.....---.-| 16,170.00 
OD Herren: 20 4,800. 00 500 dt OOO Ree eee 5, 800. 00 
Mn so lees 30 6, 000. 00 600 1, 200 2,500 | 9,700.00 
nat cae: 40 | 18,555. 40 1, 250 2,500 |.....-...-| 21,055. 40 
Oiee See wore 25 1,212. 84 104 ZORA (Ere sere 1, 420. 84 
beh aee erate ae 30 3,000. 00 300 600) | ee emers seo, COUZ0U) 
Pee ena 50 | 8,924. 67 495 td RE lat Wo? yi, 
ee Hepes eee 5 412. 83 250 O00 Eo ee eee 912. 83 
pees | eps ae 30 | 38,000. 00 2, 700 5,400) |e oes ec a) 45,400.00 
(Seat Seine 20 | 2,778.09 425 850 |..........| 3,628.09 
PAL SY Male coma oe | 601, 060. 63 35,914) 71,828 34,335 |707, 223.63 


























aThere were 300 miles of gravel road reported from this county, but subsequent reports indicate 
that they are not all improved roads. j : 
b During the last ten years $38,000 has been expended on roads in this county from bond issues, though 
none of this was expended in 1904. 
¢ No labor tax reported. 
d For roads and bridges. 
e This is probably for roads and bridges. 
_f Report for this county estimated from partial returns. 
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OFFICE OF PUB 





PUBLIC ROADS OF INDIANA: MILEAGE AND“? EXPENDITURES IN 
1904.2 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 68,306 miles 
of public road in the State of Indiana. Of this mileage, 20,582 miles 
were surfaced with gravel and 3,295 with stone, making in all 23,877 
miles of improved road. It will be seen from these figures that 35 per 
cent of the roads has been improved. By comparing the total road 
mileage with the area of the State it appears that there were 1.9 miles 
of public road per square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 36 
inhabitants, and 1 mile of improved road to every 105 inhabitants. 


SOURCES OF REVENUE. 


A road tax of not to exceed 30 cents on each $100 worth of taxable 
property outside of incorporated cities and towns is levied annually 
by the township trustee of each township. An additional tax of 10 
cents on the $100 valuation may be levied for the construction and 
repair of bridges, culverts, and other road purposes, if agreed to by 
the board of county commissioners. This tax may be worked out at 
the rate of $1.25 per day (changed to $1.50 per day in 1905) or $2.50 
per day for double team without driver. 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the collection of these statistics has been difficult. The Department is 
indebted to Mr. W. S. Blatchley, State geologist, “or some of the information given 
in the table, though most of it has been sent in by voluntary county correspondents 
appointed by the Department. The mileage of roads on boundary lines of townships 
and counties may have been reported twice in some cases. Many of the roads have 
never been measured or surveyed, and in some instances careless methods prevail in 
keeping records of collections and expenditures. This Office should not, therefore, 
be held responsible for the absolute accuracy of the figures. It is believed, how- 
ever, that with some exceptions they can be accepted as fairly correct, and that they 
will form a valuable basis for comparison and future work of this kind.—Logan 
Waller Page, Director. 
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Every able-bodied male person over 21 and under 50 years of age, 
residing ina road district of a township, is required to perform not 
less than two nor more than four days’ labor on the public roads each 
year or to furnish a substitute; or in lieu of this labor he may pay to 
the road overseer $1.25 (changed to $1.50 in 1905) for each day he is 
assessed. 

Bonds may be issued by the boards of commissioners of any county 
for graveling and macadamizing or otherwise improving roads. The 
limit of indebtedness for this purpose at any one time is fixed by law 
at 4 per cent of the total assessed valuation of the property of the 
township, or townships, in which the roads are located. The law pro- 
vides two methods of paying the principal and interest on these bonds. 
The first is-by assessment against property according to benefits 
received. The second is by.a special tax levied against the property 
in the township, or townships, including cities and towns of not to 
exceed 30,000 inhabitants. 

A tax of not to exceed 10 cents upon each $100 of taxable property 
for every 10 miles of gravel or stone road may be assessed by the 
county auditor upon all the taxable property of the county for the 
repair of the same. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax in the various counties 
and townships and expended in cash or labor on roads was $2,095,970.380 
in 1904; the estimated cash value of the labor tax was $596,718.75, and 
the amount expended from bond issues during the same year amounted 
to $1,342,418.95, making a total expenditure of $4,335,108.00. It will 
be seen from the table that the cash value of the labor tax in each 
county is the product obtained by multiplying the number of men 
drafted for road service by the number of days required of each per 
annum, and this product by $1.25, the amount per day required by 
law in licu of labor. It will be interesting to note that during the 
past ten years $11,086,903.58 has been expended on the public roads 
of Indiana from bond issues alone. By comparing the total expendi- 
ture for the year 1904 with the total mileage of public roads and with 
the population of the State, it is found that the funds collected and 
expended for road purposes, including the estimated cash value of the 
labor tax, amounted to $63.46 per mile of public road, or $1.72 per 


inhabitant. 
Maurick O. ELprIpGE, 


Chief of Records. 
Approved: 
JAMES WIISON, 
Secretary of Agriculture. 
Wasuineron, D. C., January 1, 1907. 
[Cir. 66] 
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Mileage and expenditures in 1904. 
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Expenditures in money and labor and from bond issues. 











Mileage of pub- 
lie roads.a 
ag|\s. is 
we | 53 |53 
Po | oe / 28 
_— 4 42 
a ol a Oo | 2 
oe\|5 |8 
He | a mM 
675 103} 113 
900 ADO! - 2. << 
900} 250! 26 
775 olen 
860 130 Estas 
816 G00/R 2s ae 
300 ot) eee 
847 215 15) 
988 202 1a 
600 35} 1386 
800 186 32 
700 ABDI. 2. 
OP a ae 8 
860 70 36 
3251) ee 20 
600 8| 167 
SOO mek oo re a ke 
800}  600)....- 
S700 eee 32 
Step. aA eed 
886). 270). ...- 
850 90| 36 
1,200} 500 2 
1, 000 4S ites 
L682 Hoes 
1, 350 82} 105 
900 460)..... 
900 325 25 
; “00 OOO eens 3 
605 AZ ae 
675 iat 44 
820 137 23 
500 AGO lee 
600 Doolearae 
856] 2 485 11 
650 490 10 
600 Ares 
800] 265] 35 
WOO ouet.. 107 
621 Gir 212 
620 72) 
580 200 64 
1,300] 250) 4 
SOAa = saps) ie aa 
700 TL 87 
tie eae 89 
600} 275) 75 
900 AVd9| aes 
1,190 SOOM ace 
800 (| ee 
400 30 385 
1,120 HOA S222). 
SOD tee oe 165 
827 ADO ee. 
500} 100 40 
632 11} 106 
850 SOI: 
160 4 82 
700 40} 128 
692 380} 170 
1,200| 580} 20 











Township 
and county 
cash taxes.¢ 


Dollars. 
20, 405. 82 
40.233. 51: 
40, 794. 83 
30, 734. 85 
18, 703. 68 
17, 923. 54 
627.47 
25, 404. 88 
12, 000. 00 
8, 893. 06 
133, 235. 00 
36, 000. 00 
1, 830. 39 
10, 200. 00 
16, 480. 00 
22, 475. 18 
9, 847. 00 
45, 610. 00 
8, 000. 00 
29,574.91 
182 155.78 
10, 000. 00 
37, 393. 77 
5, 226. 91 
10, 336. 00 
46, 202. 94 
19, 840. 44 
10, 000. 00 
39, 886. 71 
14, 714. 49 
8, 710. 35 
12, 242. 48 
37, 000. 00 
38, 452. 39 
13, 154. 74 
19, 962. 22 
27, 281. 73 
37, 301. 97 
6, 398. 3% 
4,750. 
27, 500. 
8, 000. 
33, 063. 
23, 358. 94 
22, 440. 
13, 874. 
LB O2D: 
36, 521. 
17, 285. 
2omlbor 
5, 800. 
25, 028. 35 
47, 301. 97 
35, 000. 00 
26, 608. 69 
12, 000. 00 
14, 757. 99 
6, 180. 94 
7,048. 53 
4, 625. 00 
26, 069. 83 





























Labor tax. 
a | 4 WH 
ere, Ee) wae 
eae mab Sab 
S28 \Fd| gas 
ae 
Dollars. 
1 LOO R tiewl..375500 
GRP WAPI Oe Were) 
-4,056) 3] 15, 210. 00 
3,000; 1} 3,750.00 
1,338) 2) 3,345.00 
4,500) 4} 22,500.00 
1,249) 4) 6,245.00 
SLO A ooe. 00 
2,917) 2) 7,292.50) 
8,500} 3] 18,125.00 
3,049)" 21 77,622.50 
4,000} 3) 15,000.00 
1,886} 4} 9,480.00 
DSTO 16| 17, ola. 00) 
1,516; 2} 3,790.00 
3,298} 2] 8, 245.00 
4,592} 2) 11,480.00 
5, 041 2] 12, 602. 50 
2,800) 4) 14,000.00 
3,046) 21- 7, 615. 00 
LZR Oh 2. 8175.50 
950} 4) 4,750.00 
2,159) 2} 5,897.50 
2,604 3} 9,765.00 
2,946} 2) 7,365.00 
4,676; 4| 23,380.00 
3,869] 2! 9,672.50 
4,500} 2/ 11,250.00 
3,024; 2) 7,560.00 
3,715} 1) 4,643.75 
3,000; 3) 11, 250.00 
3, 581 2} 8,952.50 
2,579]. 2) 6,447.50 
2,689) 2] 6,597.50 
5,184); 2} 12, 835.00 
3,958; 2) 9,895.00) 
2 D05 | Leone (0sU0 
4,491 eT 22750 
2,199} 3) 8, 246.25 
1,204; 4| 6,020.00 
2,500) 3] 9,375.00 
B,D00r] Biro, 125.00 
3,190) 3} 11,962.50 
2,328] 2) 5,820.00 
Cn 92 7imeacle lfe.ol 7.00 
5,000} 2) 12,500.00 
VAP alae aa saaee 
3,972| 3] 14,895.00 
Bat ZOD mo tOscols 2D 
8,800} 2! 9,500.00 
2,100) 4} 10,500.00 
4,144} 2} 10,360.00 
2,130}. 2) .75\025. 00 
5,000} 2! 12, 500.00 
2,800} 3} 10,500. 00 
1,860} 1] 2,325.00 
3,972) 2} 9,930.00 
510; 3} 1,912.50 
2,770}  8| 10,387.50 
2,200! 4) 11,000.00 
4,054] 3! 15, 202. 50 











Bond issues. = y 
Lo} Ss 
Hew v on SI nw 
pares ors on si=2 
Sag eae Eee 
3 op VAS pe ies, 
Bes Esk S84 
al eal = 
Dollars. Dollars. Dollars. 
350,000.00; 24,000.00} 45,780. 82 
SEER TSA A hey deh? © 58, 271. 01 
269, 856.55) 95,150.00) 151, 154. 83 
70, 000. 00 4,265.15} 38,750.00 
34, 081. 80 6, 723.38) 23,772.06 
LS500f 00) ese eee 40, 423. 54 
20, 563. 00 2; 056.31 8, 928. 78 
TSG. 000" 00 pe cereen saat 33, 287. 38 
209, 000. 00 8,000.00} 27, 292.50 
GO;000; 00) ne ese eae 22,018. 06 
493,818.00] 58,600.00) 199, 457. 50 
100,000.00; 80,000.00} 131, 000. 00 
38, 640. 00 2,741. 92 14, 002. 31 
eae ae EO eb lat SS eet 28, 012. 50 
660, loci Shag ae 20, 270. 00 
297,427.00) 30,341.10} 61,061.28 
Se AY itis Tha eee es 21, 327.00 
SPE MAS | ee |S ee eh 58, 212. 50 
99,000.00} 21,000.00) 48,000. 00 
ve eeeea eS SURG 2s ey eoe cers e 37, 189. 91 
oe Wt see ee oe ee 20, 973. 28 
erat tS be Pi 4 Oi in A Hg 14, 750. 00 
Ba BEES nl ea tae e 42,791.27 
pe a Se SR ea ee aie 14, 991. 91 
Ree oie Sere BE 17, 701. 00 
361,960.00) 64,685.96} 184, 268.90 
132, 375.00! 21,000.00) 29,512.94 
485,039.00} 40,000.00) 61,250.00 
26, 370. 00 6,369.25} 58, 815. 96 
eae PD [hee alti Pee 19, 358. 24 
69,170.61} 138, 650. 00 19, 760. 30 
Ln eer ee eee cas 21,194. 98 
DF O00: OOleas serene 43, 447.50 
182, 854. 00 2,683.93} 47,788. 82 
7, 700. 00 Be byten|l PARE Or 
266, 301.00) 68,702.03} 98, 559, 25 
6p) 500200) aaaee ease ee 33, 051, 73 
pi hn, TS ae Re hy 48, 529.47 
OOo GOs eee eee 14, 644. 61 
HSy OOO R00) etree arses 10, 770. 28 
CER Seah gergi ems plese 36, 875. 00 
300,000.00) 64,192.00) 85,317.00 
Re Ee rae Sie ieee 45, 025. 86° 
Pe ta IEP ieee aan: Sule get 29,1738. 94 
590,900.00) 23,581.05) 68,388.55 
280, 639. 00 2,500.00} 28,874.00 
579, 920.00) 27,000.00) 42,525.00 
AA SOGS> OO lea ete nee 51, 416. 40 
ig Bh eae, etl we Be. 33, 166. 67 
eae yi prec iee [Nes Eee wh th 32, 663. 73 
75,000.00} 21,443.00) 37,743.00 
25,614.85) 25,614.35) 61,002.70 
280,500.00) 18,194.00) 65,820.97 
Be eat SS peg a WA A, Sle Site 47, 500. 00 
80,300.00) 16,650.00) 53,758.69 
182,094.00} 50,000.00 64,325. 00 
pe, gate nal EAE a 24, 687. 99 
AT OL osi0 Ol eere Steer ae 8, 0938. 44 
272,734.00} 14,100.74) 31,536.77 
278,650.00} 27,108.36) 42,733.36 
327,399.18] 56,949.15! 98,221.48 














a Information contained in these three columns was secured from the report of the State geologist 


for 1905. 


b Where figures ure not given in these columns, no mileage has been reported. - 
¢ The amounts shown in this column include amounts expended by the county for the repair of 
gravel roads, as well as amounts expended by the townships for the repair of earth roads. Rate of 
levy is not given, for the reason that it varies in the different townships. 
a This includes expenditures from regular levies by counties and townships, cash value of labor 


- tax, and amounts expended from bond issues during 1904, 


e Most of these roads were built by private individuals, ° 
Jf No labor tax reported from this county. 
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Mileage and expenditures in 1904—Continued. 





Expenditures in money and labor and from bond issues. 




































































oe Sa 


Bond issues. 


Total dur- 
ing past 
10 years. 


307, 399. 25 
126, 500. 00 
378, 099. 00 

5, 500. 00 
200, 000, 00 
29,000. 00 


7, 000. 00 
63, 784. 80 


57, 000. 00 
310, 000. 00 


280, 000. 00 
51, 760. 00 
201, 494. 35 


59, 000. 00 
141, 583.79 


-|896, 718. 75|11,086, 903.58 











during 


Expended 
1904. 


Dollars. 


28, 574. 24 
34, 233. 03 
40, 626. 80 


87, 619. 58 
29,000. 00 


eet ee ee we 


re 


Se es 


24, 500. 00 
20, 280, 13 


1, 342, 418, 95 


Total from all 
sources dur- 
ing 1904. 









Dollars. 
13, 118. 75 
66, 341. 33 
69, 740. 00 

192, 837.19 © 
58, 500. 44 
72,907.37 
80, 065. 00 

102, 829. 58 





19, 995. 38 
31, 071. 69 


4, 335, 108. 00 





Mileage of pub- 
lie roads. 
vas ft I =| aq Am , Labor tax. 
County el: saee tee ee 
be bo lg S| woe [42 [3 .[ es 

ube ee eral acs Os = ag Ay 

Poo eS ee Ad Oe] 2 they Se 

aa /E™\e7| BEY \eShlea| eae 

Bala la eH r= Aa it = 

Dollars. Dollars. 
erry eee. & S00 (eer seeeerere 2,000.00; 2,965) 3) 11,118.75 
Pikcewe ns. 22% 2002 ee 36 4,126.19} 3,279)  5).20, 498.75 
ROnter erase 1, 000 91| 19 55,740.00; 5,600) 2) 14,000.00 
ROSCVe-ee es ace 500 31| 68! 147,387.95) 38,375! 4! 16,875.00 
Pulaskice-- =: 875 67| 13) 15,077.41) 4,676; 2} 4,190.00 
Putnam eee 900; 385) 3800; 24,780.57) 3,000} 2} 7,500.00 
Randolph....| 900)  300)....- 55,000.00) 5,018} 4) 25,065.00 
Ripleyce. .)-se 462 15) 120 4,875.00} 4,184) 2} 10,335.00 
Rushes eo ta 1,100, 4541 9} 28,477.34} 2,904) 2) 7,260.00 
St-Joseph:....|)) 871) = 239) +... 26, 223.26) 3,022) 2) 7,555.00 
Scotties... = 400 38] 29) 14,731.33) 1,346) 4/- 6,730.00 
Selb yiemeeee HOOWe2SD teens 11, 258.00) 3,300} 2} 8,250.00 
Spencer.....- le OOSteee rae 30| 14,685.66} 3,481} 2) 8,702.50 
Starkoiss 4. 650 60) 138 8,000.00) 1,000) 2} 2,500.00 
Steuben...-..- 700) 3800} 50; 10,000.00) 2,500) 2) 6,250.00 
Sullivang. =. - 974, 272) 60} 18,710.40) 5,010) 4} 25,050.00 
Switzerland..| 345 28| 80 4,986.76) 1,933) 38] 7,248.75 
Tippecanoe..} 825) 400]..... 12,907.88) 2,835} 2! 7,087.50 
himtonsess-. 560} 395) 15) 28,056.69) 3,206) 2} 8,015.00 
Uintomaeee ee 250 2olie oes 4,765.00; 1,075} 2] 2,687.50 
Vanderburg .| 600 52) 77| 29,288.83] 1,888; 3] 6,873.75 
Vermilion ...| 800} 300)..... 33, 915.82) 1,778). 2) 4,432.50 
Warren es cnt 2D ee eee ee 19,304.14} 4,276} 4) 21,380.00 
Wabash...... 600} 200]..... 29,095.33) 5,036} 2} 12,590.00 
Warren ee. os CLO SG eeee- 8,400.00) 1,800) 2} 4,500.00 
Wwermicle® fo ae: DUG ova 29 7,544. 81) 3,613} 2) 9,082.50 
Washington .| 1,500 8} 105 4, 228.34) 2,966) 4) 14,880.00 
Wayne.......- 823) O2izese 24,067.98} 2,604; 2) 6,510.00 
Wells 22225... 780} 440; 12) 28,220.97) 4,152) 2) 10,380.00 
NY ute Zee. ose 750 80) 68} 29,073.87] 3,230)  2)- 8,075.00 
Whitley...... Obl p42ionn 34,156.94) 2,272} 2) 5,680.00 
Total. . .|68, 306/20, 582 3, 295/2, 095, 970. 30/288, 495). . - 
a Most of these roads were built by persons working out their road tax, 
[Cir, 66] 
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United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 67. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF OKLAHOMA: MILEAGE AND EXPENDITURES IN 
1904. 4 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 43,554 
miles of public road in the Territory of Oklahoma. In compiling 
thése figures the aim has been to include the mileage of roads actually 
opened up and in use; but it is evident that correspondents have 
included a greater or less mileage of section lines which have been set 
apart by law for road purposes but which have not been opened up 
and used as roads. No improved roads have been reported, but on 
the other hand, one county reports 298 miles of impassable roads. 
By comparing the total road mileage with the area of the Territory, 
it appears that there were 1.1 miles of public road per square mile of 
area. A comparison of mileage with population shows that there 
was | mile of road to every 9 inhabitants. 


a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult.* Most of the information has 
been sent in by voluntary county correspondents appointed by the Department. 
Every effort has been made to verify all figures given, and in most cases local officials 
having supervision of the public roads or the public-road records have certified to the 
correctness of the figures. Nevertheless, errors may have crept in. Mileage of roads 
on boundary lines of townships, counties, and States may have been reported twice in 
some cases.. Many roads have never been surveyed or measured, and in some instances 
careless methods prevail in keeping records of the collection and expenditure of road 
funds. This Office should not, therefore, be held responsible for the absolute accu- 
racy of the figures. It is believed, however, that, with some exceptions, they can be 
accepted as fairly correct, and that they will form a valuable basis for comparison and 
for future work of this kind.—Lo@an Water Pace, Director. 
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SOURCES OF REVENUE. 


The county commissioners of each county, by and with the consent — 
of the township trustees, are authorized to levy an annual road tax — 
in each township of not to exceed 50 cents on each $100 worth of 
taxable property outside the limits of incorporated cities and towns 
having a population of over 2,000. This tax may be paid in labor — 
on the basis of $1 per day. 

The boards of county commissioners may levy a general road and 
bridge tax on all property in the counties of not to exceed $1 on each 
$100 worth of taxable property, and the boards of township trustees 
are also authorized to levy a general road and bridge tax in the town- 
ships of not to exceed 50 cents on each $100 worth of taxable property. 

Every male inhabitant between the ages of 21 and 50 years, unless 
by law exempt, is required to work four days on the public roads each 
year, or furnish a substitute, or in leu thereof to pay to the road 
overseer $1 for each day he fines not work. 

One-half of the money received from the sale of saloon licenses — 
may be used by the road authorities of the different counties for road — 
purposes. 

EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the township and county levies and from 
the saloon license funds and expended on roads was $447,319.59 in 
1904. The cash value of the labor tax, estimated on a basis of $1 
per day, or $4 per capita, was $327,456, making a total expenditure 
of $774,775.59. By comparing the total expenditure with the total 
mileage of public roads and with the population of the State, it is 
found that the funds collected and expended for road purposes 
amounted to $17.79 per mile of public road, or $1.94 per inhabitant. 

Maurice O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
WasuinotTon, D. C., January 15, 1907. 
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Mileage and expenditures in 1904. 





Expenditures in money and labor. 




















Labor tax. | 
ee |——_————— 
mileage , Number | | Total ex- 
County. _ |of public | Total ee of men Value of _ penditures 
roads. Ene subject laborat | incash 
: tofour  $lper | and labor. 
days’ day. | 
labor. 
2 Dollars. | | Dollars. Dollars. 

OUNUT oc coo26) See 250 (0) 2, 500 10, 000 10, 000.00 
ee eee 1,300 6,441.94 2, 400 9, 600 16, 041.94 
nn 1, 400 20, 000. 00 3,000 , 12,000 32, 000. 00 
a 1,518 | 7, 861. 66 2,500 10,000 17, 861.66 
CME oa we eo 566 | 10, 000. 00 3,000 | 12,000 22, 000.00 
OUND a € 2,088 | 22, 735.00 6,000 | 24,000 46, 735.00 
OSSG. - o.dcetos ed1,718 | 15, 000. 00 2,179 8, 716 23, 716.00 
oe ¢1, 860 | (0) 2,000 | 8,000 | 8, 000. 00 
IS css oe we eee seen 1,106 | 3, 277.00 1,635 | 6, 540 9, 817.00 
CRI se eee eee ¢1,860 | 52,465.00! e€2,000 8, 000 60, 465.00 
OE 980 | 12, 000. 00 2,500 | 10,000 22, 000.00 
CORSE) oe ae ¢ 3,744 21, 605. 55 5, 000 20, 000 41,605.55 
EOP? cose ocd See ¢1, 560 22, 542.72 4, 000 16, 000 38, 542.72 
SUASSMIG (i ¢1, 530 37, 000.00 2, 000 8, 000 45, 000.00 
[SSN co oS ee ¢1, 764 9, 000. 00 7, 000 28, 000 37, 000.00 
LLONGHI 6 Qooe eee 1,000 35, 856. 20 5, 000 20, 000 | 55, 856. 20 
ISS. cogs ee | ¢€1,512 40, 000.00 3, 000 12,000 | 52, 000. 00 
Oo oe ay ae 864 718, 000.00 2, 250 9, 000 27, 000.00 
ES er | 800 27,373. 59 1, 700 6, 800 34, 173. 59 
EINE. os oe ee eee €1,000 | 500. 00 2, 000 8, 000 8, 500.00 
oe €1,512 32, 928. 93 2, 500 10, 000 42, 928.93 
LPO SA KOUUNS A c 1,440 14, 000.00 é 2,000 8, 000 22, 000.00 
Geen IMME.» acoder 1, 296 12, 000.00 2, 700 10, 800 12, 800.00 
Oke Rp Ee eS tee ACG 12,000.00 2, 000 8, 000 20, 000. 00 
I | ¢5,270 12, 000. 00 5, 000 20, 000 32, 000. 00 
ON CEOS OIG | ae yl 3, 600 | 2, 732.00 6, 000 24, 000 26, 732.00 
NICD. 2 2 8 RSS Aegean 43, 554 447, 319. 59 81,864 | 327,456 774, 775. 59 

















a This column includes amounts expended from county and township levies and from one-half of all 
saloon licenses. Rate of levy is not shown, because it varies in the different townships. 

6 No expenditure reported. 

c tas evidently includes a considerable mileage of section lines which have not yet been opened up as 
roads. 

d This county reports 298 miles of impassable roads. It is the only county in the United States which 
has acknowledged having impassable roads. 

é Estimated in this Office. 

f This does not include the amounts expended by townships, but represents the amount received 
from a 3-mill tax on $9,124,530 taxable valuation. . 


(Cir. 67] 


O 


ae eS 





. 


LJ 
tt a Si Sa, 








Issued February 28, 1907. 


United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 68. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF UTAH: MILEAGE AND EXPENDITURES IN 1904.4 
MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 7,090 miles 
of public road in the State of Utah, of which 597 miles were surfaced 
with gravel and 11 miles with stone, making in all 608 miles of 
improved road. It will be seen from these figures that 8+ per cent of 
the roads has been improved. By comparing the total road mileage 
with the area of the State, it appears that there was 0.086 mile of 
public road per square mile of area. A comparison of mileage with 
population shows that there was 1 mileof road to every 39 inhabitants 
and 1 mile of improved road to every 455 inhabitants. 





@This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the collection of these statistics has been difficult. Most of the informa- 
tion has been sent in by voluntary county correspondents appointed by the Depart- 
ment. Every effort has been made to verify all figures given, and in most cases local 
officials having supervision of the public roads or the public-road records have certi- 
fied to the correctness of the figures. Nevertheless, errors may have crept in. Mile- 
age of roads on boundary lines of townships, counties, and States may have been 
reported twice in some cases. Many roads have never been surveyed or measured, 
and in some instances careless methods prevail in keeping records of the collection 
and expenditure of road funds. This Office should not, therefore, be held respon- 
sible for the absolute accuracy of the figures. It is believed, however, that, with 
some exceptions, they can be accepted as fairly correct, and that they will forma 
valuable basis for comparison and for future work of this kind.—LoGan WALLER 
PaaGer, Director. 
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Mileage and expenditures in 1904. 
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Labor tax. 






























































a Where figures are not given in these columns, no mileage has been reported. 
b Amounts shown in this column represent one-half of the amount appropriated for State roads for 


the biennial period 1903-4, 


| Miles of public roads. Cash expenditures. 
| seat ie cor ee 
| Total ‘ 2 By coun- | By State |Mensub-| Value | pended by 
ik of all enna peel yaa ties from for ject to | of tax at| counties 
public |,” eh ah a | general State |twodays’) $3 per | and State. 
roads, | eo cee ee fund. roads.6 | labor. | capita. 
Dollars. Dollars. Dollars. Dollars. 
IBOHYV Clea tics seas LOU acne See etls eames 294. 80 600 200 600 1, 494. 80 
IBOXCLCOL cea nee == 500 LOO occas aes 26, 254.75 750 1; 200 3, 600 30, 604. 75 
WECHO see re cetiee | 400 @100 daerewere.* 5, 746. 94 1, 000 200 600 7,346. 94 
IAT OOD rs oxen wees 1ODnieL perc me et eee eer 2, 225. 43 1,000 | 41,200 3, 600 6, 825. 43 
DaVisiomeece csc uee 125 85 6 3, 969. 22 500 612 1, 836 6, 305, 22 
MEIIGP Sok oe coe ae 160 Seecan ee ee sere 2, 669. 22 1, 000 110 330 3, 999. 22 
JRTHOM a ete-s sen LOO Mhe ee moore ate hee hee ee 191.90 900 370 1,110 2,201. 90 
EB N el La ap eesaisere 260 DOWNS arcrete were 2,122.08 1,000 100 300 3, 422. 08 
LrO erotic seer as oe 260 pF Parente 8 es 725. 90 750 450 1, 350 2, 825. 90 
ARGON Aneencieanters: 97 al eeeratee ere 1, 217. 93 500 600 1, 800 8, 517. 93 
BUG be tcnt SOA Pig eee ere 574.52 | 1,000 300 900 2,474. 52 
SURE gs QRS See BDO. Pats eet eee 445. 78 1, 000 700 2, 100 3, 545. 78 
MOPPAN ooo. aes TO dle eceen deck Pliner. cf sroee 1, 296. 22 900 325 975 3,171. 22 
TRING sede oe ae 100 BPA eae cae 110. 00 925 400 1, 200 2, 235. 00 
AGI eae ete d= 150 [5 Re 6 soe pa Pari 750 345 1, 085 3, 057. 73 
Salt Lake .......-.. 300 PILOO So semrs.eeee 47,778. 85 600 3, 000 9, 000 57,378. 85 
Pal ualtero. s- 2 > «- DOO Ween ete ein cee ete ciara 27.00 1, 000 115 345 1, 372. 00 
Banpete..2..:.-¢-. OAKS Tile Ses se daeaee RS rs, ite 2, 245. 53 750 2,000 6, 000 8, 995. 53 
BOViel<. ona 5455s. DOO eet taecan iets Rtctetrere 1, 614. 76 900 750 2, 250 4, 764. 76 
‘Storia his Ae dooe DOO Harare oe bathe ol eee 4, 640. 61 1, 000 1, 800 5, 400 11, 040. 61 
IP GOCLOi tere cia nse" 1, 000 Dot Ses wees 4, 006. 73 | 1, 000 500 1,500 6, 506. 73 
intel Mee eee za: BOO Ncvcdee iusto estan 1,329.28 | 1,000 499 1, 497 8, 826. 28 
WEN to i ar a 100 Ml lesesaccoce false erie | 750 2, 500 7,500 15, 412, 77 
WaSatCheeecs css « HOME Rogan wiszk laces aka 1, 727. 33 | 750 124 372 2, 849. 83 
Washington ...... OOS rears eiele Si btecscereret ete 304. 20 1, 000 700 2,100 3, 404. 20 
\yiGnig els! 6 Ske ey aa DUORRE Ree 2 5 | 59. 90 750 325 975 1, 784. 90 
WVGDED petec ere nlcteinte == a 267 ADO oes eee 15, 196. 40 1, 000 a'705 2,115 ‘18, 311. 40 
Motalecescek oes 7,090 97 11 | 185, 210. '78 23,075 20, 180 60,390 | 218, 675.78 


ce These roads were probably built from funds received from a bond issue of $45,000 which wasmade | 


a few years ago. 


a Estimated in this Office from partial information. 


SOURCES 


OF REVENUE. 


No tax is levied specifically for road purposes in the various counties 
of this State, but the board of county commissioners appropriate such 
sums as may be necessary for road purposes. 

Every able-bodied man over 21 and under 50 years of age, unless 
by law exempt, is required to work two days on the public roads in 
his district or pay $3 in cash. 

Counties are authorized to borrow money on the approval of a 


majority of the qualified electors of the county, though such indebt- 
edness must not exceed 2 per cent of the assessed valuation of property. 

The legislature of this State makes appropriations from time to time 
to aid the various counties in building State roads. These appropria- 
tions were expended formerly under the direction of the county com- 
missioners of each county, but in 1903 the legislature provided that 
this work be done under the direction of the State engineer. Before 
1903 the State paid the whole cost of the work, but in that year the 
legislature provided that the counties pay one-half the cost of State 
road work. ‘This does not apply, however. to appropriations made in 
1903 for the biennial period 1903-4. 
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EXPENDITURES IN MONEY AND LABOR. 


The amounts appropriated by the boards of county commissioners 
_ of the various counties and expended for road purposes was $135,210.78 
in 1904. The amount appropriated by the legislature and expended 
for road purposes in the various counties was $23,075, and the cash 
_ value of the labor tax, estimated on a basis of $3 per capita, was $60,390, 
making a total expenditure of $218,675.78. As it was impossible to 
ascertain the exact amounts expended by the State in each county in 
1904, one-half of the amounts appropriated for the years 1903 and 1904 
has been given. By comparing the total expenditure with the total 
mileage of public road and with the population of the State, it is found 
that the funds collected and expended for road purposes amounted to 
$30.84 per mile of public road, or $0.79 per inhabitant. 
Mauvricr O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., January 15, 1907. 
(Cir. 68] 
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Issued, February 20, 1907. 





United States Departyvent of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 69. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF CALIFORNIA: MILEAGE AND EXPENDITURES 
IN. 1904.2 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 46,653 
miles of public road in the State of California. Of this mileage, 
5,843 miles were surfaced with gravel, 4183 miles with stone, and 
2,5414 miles with oil, making in all 8,8034 miles, of improved rou 
It will be seen from ANE figures that 18.8 per cent of the roads has 
been improved. By comparing the total road mileage with the 
area of the State, it appears that there was 0.29 of a mile of public 
road per square mile of area. A comparison of mileage with pop- 
ulation shows that there was 1 mile of road to every 31 inhabitants 
and 1 mile of improved road to every 168 inhabitants. 


SOURCES OF REVENUE. 


The boards of supervisors of the various counties are authorized 
to fix and levy a tax annually for road purposes of not to exceed 


40 cents upon each $100 worth of assessed property. A special tax 


for damages caused by floods and storms of 50 cents on each $100 
worth of taxable property may also be levied by the boards of 
supervisors. 

They are further authorized to require every male person over 21 
and under 55 years of age to pay an annual road poll tax of $3. 
Reports from some of the counties indicate that this tax is worked 
out at the rate of $1.50 per day, but the State commissioner of public 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 


~ statistics are given by States. The information relating to road mileage has been 


secured from voluntary county correspondents appointed by the Department. The 
information relating to expenditures was kindly furnished by the State commissioner 
of public roads, who also verified the information regarding the mileage of improved 
and unimproved roads. It is believed, therefore, that the figures given are as correct 
as it is possible to make them, and that they will form a valuable basis for com- 
parison and for future work of this kind.—LoGan Water Pace, Director. 
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roads says that owing to a prejudice against it, this tax is levied in 
but few instances. = 

Thirty-five per cent of all the funds received from the regular prop- — 
erty and poll taxes may be set aside by the supervisors as a general — 
county road fund and used in impoverished districts or on improve- 
ments in which all districts are interested, while the balance is 
expended on roads in the districts in which the money is collected. 
The construction, maintenance, and repair of bridges and tunnels and 
the purchase of toll roads may be paid for partially out of the general 
fund of the county. 

Appropriations are made from time to time by the legislature a 
build State roads in the mountain regions. The State pays the 
whole cost of this work. 

Convicts are employed at the State prison at Folsom in preparing 
rock which is sold to the various counties for roads and concrete 
construction at from 30 to 40 cents per ton f. 0. b. Folsom. The 
cost of operating the crushing plant at Folsom for the year of 1904 
was $15,654.95, and the amount of material produced was 54,522 
tons. . 

EXPENDITURES. 


Expenditures from the regular property and poll taxes were $2,146,- 
145.36 in 1904. The expenditures by the State for the building of 
mountain roads amounted to $11,251, making a total expenditure of 
$2,157,396.36. By comparing the total expenditure with the total 
mileage of public roads and with the population of the State, it is 
found that the funds collected and expended for road purposes 
amounted to $46.24 per mile of public road, or $1.45 per inhabitant. 

| MavRIce O. ExpRipGs, 
Chief of Recoran 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., January 29, 1907. 
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Miles of public roads. | Expenditures by State and counties. 
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eee 2... ARE Ae eee 150 | 35 | $90,206.52 |r. 2.2. 21) $00) 2967 a5 
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Jace eee 1, 200 Peel el estes oe 28 | 40 BOLL OGD Th tere ee 56, 116. 27 
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Contra Costa..-....| 500 LOD wre eee. | 54 50 BO oes Lun ere eee 50, 332. 16 
aor Norte... ...... 125 25 CON ent eee PEE 97,762:.93 jee <as eee 9, 762. 93 
Hidorado...-...... AE) oy Oy ed le a ee 37 13,625.51 | $4,000| 17,625.51 
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RIN ora =n == = « 500 te ee 23 | 27 20, ao OL. . secs aes 25, 789. 31 
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Mileage and expenditures in 1904. 



























































a Where figures are not given in these columns, no mileage has been reported. 
b Blank spaces in this column indicate that no expenditure was made for State roads. 
¢ This is exclusive of roads in the Mojave Desert, which comprises about 85 per cent of the county. 


d Included in the city of San Francisco. 
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No expenditure was made for country roads. 
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Issued March 11, 1907. 


United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 70. 


\ Bay4! 
LOGAN WALTER -PAGE, Director. 
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The accompanying table shows that,in. 1904 thenrg’ were 94,141 miles 
of public road in the State of Illinois: @f this naleage, 6,800 miles 
were surfaced with gravel, 1,1064 miles. with stone, 44 miles with 
brick, 6 miles with slag, 6 miles with burnt‘shale, and 1 mile with 
cinders, making in all 7,924 miles of improved road. It will be seen 
from these figures that 8.4 per cent of the roads has been improved. 
By comparing the total road mileage with the area of the State, it 
appears that there were 1.6 miles of public road per square mile of 
area. A comparison of mileage with population shows that there 
was 1 mile of road to every 51 inhabitants, and 1 mile of improved 
road to every 608 inhabitants. 


SOURCES OF REVENUE. 


In 1903 there were in the State of Illinois, according to the report 
of the Illinois highway commission, 1,362 political townships in coun- 
ties under township organization, and in counties not under town- 
ship organization there were 305 corresponding highway divisions, 
making a total of 1,667. 


COUNTIES UNDER TOWNSHIP ORGANIZATION. 


Counties under township organization have two systems of road 
administration—the cash system and the labor system. 

Cash system.—Under the cash system the commissioners of high- 
ways of townships levy a tax annually for road and bridge purposes 
of not to exceed 60 cents on each $100 worth of taxable property, 
which tax may be increased 40 cents on the $100 if necessary, pro- 
vided such increase is agreed to by the town auditors and assessor. 
Every able-bodied man between 21 and 50 years of age, living outside 
of incorporated cities and towns, is required to pay not less than $1 
nor more than $2 as poll tax for highway purposes. 

Labor system.—Under the labor system a ‘‘town or village” tax 
of not to exceed 40 cents on each $100 worth of property may be 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. The information relating to total mileage of roads was 
kindly furnished by the Illinois highway commission, while the figures on mileage 
of improved roads and on the poll tax were secured from voluntary county corre- 
spondents appointed by the Department. The information relating to expenditures 
was secured from the State auditor of public accounts and supplemented by reports 
from county correspondents. The table and paragraph on sources of revenue were 
submitted to the [linois highway commissioners for their correction and approval. 
It is believed, therefore, that the figures can be accepted as fairly correct and that they 
will form a valuable basis for comparison and for future work of this kind.—Loe@an 
WALLER Paaet, Director. 
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levied on real, personal, and railroad property for making and repair 
ing roads only. o- 
A town and village tax of not to exceed 40 cents on $100 on real, 
personal, and railroad property may also be levied for making and 
repairing bridges; the payment of damages by reason of opening, 
altering, and laying out new roads and ditches; the purchase of tools, 
implements, and machinery; the purchase of materials for building, 
or repairing, or draining roads; for the payment of road overseers, etc. 
An additional tax of 40 cents may be levied if necessary. These 
taxes may be paid in cash or worked out at the rate of $1 per day. 
Provided that the authorities of any incorporated town, city, or vil- 
lage do not object, these taxes may be assessed against property in 
cities and towns. In cities and towns in which the population does 
not exceed 35,000, one-half of the tax so collected must be paid over 
to the cities for road and street work. Whenever this tax is levied 
and collected within the limits of any city having a population of 
over 35,000 the entire amount shall be paid over to the treasurer of 
such city for use on the roads and streets of the city. Every able- 
bodied male inhabitant residing outside the limits of incorporated 
cities and towns, between the ages of 21 and 50 years, is required to 
labor on the highways in his respective road district not less than 
one nor more than three days in each year. 


COUNTIES NOT UNDER TOWNSHIP ORGANIZATION. 


The commissioners of highways of the districts in counties not 
under township organization may levy a road and bridge tax annually 
of not to exceed 50 cents on each $100. They are also authorized to 
require every able-bodied man between the ages of 21 and 50 years, 
residing outside the limits of incorporated cities and towns, to pay a 
road poll tax of not less than $1 nor more than $5 annually. Persons 
who are unable to pay their poll tax in money are allowed to work it 
out at the rate of $1 per day. : 


SPECIAL TAX FOR HARD ROADS. 


A special tax of not to exceed $1 on each $100 assessed valuation 
of all the taxable property, including railroads, in the townships or 
road districts may be assessed for the purpose of building gravel, 


macadam, or other hard roads, if a majority of all the votes cast at 


the annual town meeting shall be in favor of such special tax. This 
provision seems to apply to any counties in the State, whether they 
are under township organization or not. 


EXPENDITURES IN MONEY AND LABOR. 


The amount expended in cash for roads and bridges from the 
regular road and bridge tax and the district road fund amounted 
to $3,844,423.73 in 1904 and the estimated value of the labor tax 
was $366,526.50, making a total expenditure for roads and bridges 
of $4,210,950.23. It will be seen from the table that the cash 
value of the labor tax in each county is the product obtained by 
multiplying the number of men drafted for road service by the num- 
ber of days each man is required to work per annum, and this prod- 
uct by $1, the rate authorized by law at which this tax may be paid 
in cash. The State highway commission reports that $1,888,724 
was expended on bridges for the year 1905. It is assumed, therefore, 
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that about this same sum, which is included in the table under 
_ “expenditures from road and bridge tax,’’ was expended during the 

year 1904. By comparing the total expenditure with the total mile- 
age of public road and with the population of the State, it is found 
that the funds collected and expended for road and bridge purposes, 
including the estimated cash value of the labor tax, amounted to 
$44.73 per mile of public road or $0.87 per inhabitant. 


Maurice QO. ELDRIDGE, 
Chief of Records. 


: Secretary of Agriculture. 
Wasuineton, D. C., January 29, 1907. 


Mileage and expenditures in 1904. 
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Miles of public roads. 





Expenditures in money and labor. 





Total Sur- Sur- 
of all | faced | faced 
public | with | with 


roads. |gravel.¢| stone. @ 





Expendi- 
tures from 
road and 
bridge tax 
and district 
road fund. 








1,543 153 8 
427 Niet ee 
674 Hikes 
510 227 5 
"Tye leeaee Ae aeer ee 

1,583 447 i 
288 SO eee 
807 24 18 
523 fe eee 

1, 830 En, a, 

1,351 ia, ee 

1, 063 Oe Rene 
“peg tes Ad eee 
Gk er. Ans 1 
897 Parte’ tect 

1, 450 554 180 
715 q0atSie. cS. 
687 it eee 

1,096 | . 382 10 
erie ee eee 
ic lle ath BED Saati 
629 367 25 

1, 187 208 4 
VO es Se eee 
930 At eee 

1, 163 Bane om 
785 833 i? 
740 Diy Sree 

b 1,698 Gents 
COVA Sake be a ae Bee 
Ss het. 
748 694 ii 
FO a is te cael i ae 

1,178 i ee 
SGrliglavia cieetiet =.: 
607 cy ae 

1, 430 cy eae 

1,919 572 J 
871 3 1 
OY apes ee er es 

TO yd Gh ep eben 2 Goalie 
598 7 Nh aes 

1,034 17 30 
Fob ei ae 
971 709 15 

1, 127 58 80 
530 237 5 
743 Soe: 

© 835 BOR TL Oh 








Dollars. 
38, 141. 10 
12, 620. 03 
16, 920. 29 





30, 660. 03 
9,994. 77 
90, 978. 86 
4,545. 40 
26, 172. 
13.217. 
90, 363. 
43, 468. 
29, 490. 
9,735. 
17,977. 
40, 566. 
68,649. 
12, 695. 
14, 316. 
73, 488. 
26, 869. 
34, 138. 
53, 156. 
78, 115. 
5, 375. 
13, 980. 
25, 270. 
36, 187. 
9,115. 
49, 626. 
8, 780. 
27,515. 
40, 201. 
9, 026. 
47,071. 
1, 680. 
-15, 029. 
63, 674. 


54, 926. 














Poll tax. 

Men | Days’ | Value of 
subject labor re-| tax at $1 
to tax. | quired.| per day. 

Dollars. 

1, 295 2 2, 590. 00 
2,000 2 4,000. 00 
1,000 4 500. 00 
1,618 2| 38,236.00 
3, 000 13; 4, 500. 00 

955 3 2, 865. 00 
1,193 2 2, 386. 00 
1,195 2 2, 390. 00 
1,063 2 2, 126. 00 
2,554 | _ 2 5, 108. 00 
1,946 2 3, 892. 00 
2, 500 23| 6,250.00 
1,800 2 3, 600. 00 
2, 500 2 5, 000. 00 
1,y14 3 5, 742. 00 
3, 200 2 6, 400. 00 

650 1 650. 00 

685 | 2| 1,370.00 
1, 440 2| 2,880.00 
1, 998 14! 2,997.00 

897 3 2,691.00 
2,039 2 4,078.00 
3, 307 2 6,614.00 
2,000 | 2 4,000.00 
1, 830 | 2 3, 660.00 
6, 966 | 2 | 13,932.00 

700 | 3] 2,100.00 
5, 000 1 5, 000. 00 

150 1 150.00 
2,000 | 3! 6,000.00 
6, 500 | 2 13, 000. 00 

800 4 3, 200. 00 
1,051 | 1 1,051.00 
1,623 2 3, 246.00 
1,001 | 2 2,002.00 
2, 253 23} 5,632. 50 
2, 200 3 6, 600. 00 
2,600 23} 6,500.00 
1, 962 2 3, 924. 00 
1, 932 1 1, 9382. 00 
1,900 4 7, 600. 00 

270 42 1, 215.00 
1, 227 2 2, 454. 00 
Tek EL 2 2, 222.00 

880 2 1, 760.00 





a Where figures are not given in these columns, no mileage has been reported. 
b Includes 14 miles of brick road. 


¢ Includes 6 miles of road surfaced with slag and 1 mile surfaced with cinders. 











Total ex- 
penditures 
from all 
sources. 


Doliars. 
40,731. 10 
12, 620. 03 
20, 920. 29 
31, 160. 03 
13, 230. 77 
95, 478. 86 

7, 410. 40 
28, 558. 13 
15, 607. 54 
92, 489. 20 
48, 576. 80 
33, 382. 49 
15, 985. 05 
21, 577. 04 
45, 566. 67 
68,649.00 
18, 437. 51 
20, 716. 52 
74, 138. 08 
28, 239. 53 
37,018. 06 
Dp, loom 
81, 112.61 

8, 066.68 
18, 058.61 
31, 884. 56 
40, 187.95 
12, 775.38 
63, 558.08 
10, 880. 29 
82, 515. 55 
40, 351. 84 
15, 026. 97 
60, 071.81 

4, 880. 20 
16, 080. 74 
66, 920.71 
76, 129.76 
23,915.47 
16, 951. 53 
19, 408. 04 
18, 691.05 
34, 334. 33 
13, 317. 92 

107, 607. 56 
53, 442. 87 
31, 628. 85 
48, 638. 32 
56, 686, 19 
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Mileage and expenditures in 1904—Continued. 
Miles of public roads. Expenditures in money and labor. 
Expendi- Poll tax. 

County. Total | Sur- | Sur- | tures from Total ex- 
of all | faced | faced road and Mor Days’, |°Valaanes penditures 
at pas le ae iS subject Peon re- Me at $1 from’ all 
regatceal ata Vian eae os a4 to tax. | quired. | per day. shee i> ¢ 

Dollars. Dollars. Dollars. 
aslo ae ete tees 1, 919 431 31 142, 823.42. |... clon d el ode eee ee 142, 823.42 
WEOHCOs 2% <2 co. sche 636 24 1 14, 302. 55 1, 800 2 3, 600. 00 17, 902.55 
POO teeter pasiccrs = cre <tc i, 189 31 104 55, 449. 61 1, 265 1 1, 265.00 56, 714.61 
Livingston: 26... 1,734 63 5 80, 111.15 3, 000 2! 6,000.00} 86,111.15 
OPA eae eee 1,014 Og ae ee oe 69,584, 12 dees act Sol]. bei ee | eee eer 69, 584. 12 
McDonough.......- 1/1065) tt eee 33, 418. 40 2, 466 2| 4,932.00} 38,350. 40 
MeLanry. cao Ss. 0... 1, 134 519 100 69, 967. 33 200 2 400. 00 70, 367. 33 
MCU GAT tor. os. 2,069 LOOM Ses bores 104, 890. 57 1,624 1 1,624.00 | 106, 514. 57 
MACOS enue tok oes 1,025 Glue ese 63,725. 69 1,548 2 3, 096. 00 66, 821. 69 
MaCOUp ess ciao. © 1,369 Thee oe 56, 581. 89 2, 900 5 | 19,500. 00 76, 081. 89 
MACISON ee see 1,509 22 4 61, 407. 59 4,000 2 8, 000. 00 69, 407. 59 
Ma riOtice. > cc< fees 1,145 7 RET eee 15, 831. 92 4,000 2 8, 000. 00 23, 831. 92 
DIRTSN AU Oc cata es 634 AG hee aes 31,714. 58 362 1 362. 00 32, 076. 58. 
LA PSICTOY 6 ROS a eRe ee 771 Dan da Pee va 22, 945. 22 600 2 1, 200. 00 24, 145. 22 
MASSAC teu. ass coss 403 43 2 4,374. 59 1,046 4 4,184. 00 8, 558. 59 
Menarde se cere se ace Al 1s Srersee i} 15, 467. 58 1,020 2 2, 060. 00 17, 527. 58 
IMOTCOr ee is ne oo ates OD 4s Sas veer | eee es 38, 102. 57 1,750 2 3, 500. 00 41, 602. 57 
MOWEOG soc 92 dec tan. 703 1 19 9, 414. 97 1,007 2 2,014. 00 11, 428. 97 
Montgomery....... 1, 220 Oo sete 29, 723. 26 2, 967 2 5, 934. 00 35, 657. 26. 
MGOTPAN etear es. oc S32 owe reat [eee ree 25, 789. 06 }..2-.t¢-e2]. 52 boeeee |: 25, 789. 06 © 
Moultrigsei22-. 2.2 BO LG Sa pee beea pene 26, 813. 67 1, 4385 1 1, 435. 00 28, 248. 67 
Opineeers ee be222 72 100 65, 19%. 26 1, 130 13} 1,695.00 | 66, 888. 26 
Peotigeee poy. ot 983 203 19 165, 584. 35 1,828 2 3,656.00 | 169,240. 35 
OLrye ts cg eee ke OOS Tacs acee el te ceeres 7,865. 21 1,578 3 4,734. 00 12, 599. 21 
i bbeetos caee el eae ® ODIs) eral leer see kaise 29, 558. 22 930 2 1, 860. 00 31, 418. 22 
Pikes 2 wie 1, 347 45 6 31, 104. 28 3, 096 2; 6,192.00] 37, 2060m 
UO Mea eee et ae. 465 yh ato tele 1, 420. 99 1,829 4 7,316. 00 8, 736. 99 
Puisskis. 4.02 cesecs 346 iL | Noa Pek 4, 305. 64 930 31 2,790.00 7,095. 64 
Pewee ses ese 287 a ey na tee 9, 739. 12 256 2 512. 00 10, 251. 12 
Lisp i ava be) § 6) 0 Syeeeae ate 974 5 5 13, 846. 45 2,055 2 4,110. 00 17, 956. 45 
CSA PCIE hele Gig peepee eae CL OH pean ee | ae 19,198. 18}. s.0..5.225|25..22 sone ee 19, 198. 18 
Rock Island 2..-.-2 784 12 18 28, 707. 63 511 2 1, 022. 00 29, 729. 63 
Shik, (CHEW ERs Se Slog L300 See 26 00, 183. 91M acess2 2222s 2 oe lee eee 55, 183. 91 
Ae a cote ase BOK lee eae een eee 11,131. 29 1, 484 2 2, 868. 00 13, 999. 29 
Baneamon anche see @ 1220 4 See 6 68,902. 05: | os20h 2 2olL eee ece eee eee 68, 902. 05 
Ci yiCt. to chen ces. 736 Oe oo tee 19, 205. 57 1,025 2 2,050. 00 21, 255. 57 
SLO ESE cn US eee eh 2 poems, 8, 835. 81 867 2 1,734. 00 10, 569. 81 
EI 5.2). recs oo ee 1,575 1 6 41,928. 79 5, 100 21 10,200. 00 52, 128. 79 
Shiig <5. ae ee ees 443 1 1 25, 401. 09 1,395 2 2,790. 00 28, 191. 09 
Stephenson......... 959 70 23 68, 031. 00 4, 086 1 4,086. 00 72,117. 00 
AZAWOLU. ss 555.2% 998 48 2 51,793. 56 5, 000 2 | 10,000. 00 61, 793. 56 
UMION sees sees eters 626 PREY eer Lease: 7,222. 11 1,754 4 7,016. 00 14, 228. 11 
WerimiiOn.). 20.200: 1,598 ete hy MA) 111, 434. 05 1147 2 2,294.00 | 113,728. 05 
Whe) 816 WR ae aes ge AOL series Cameos b 8, 503. 06.\ a2 -ccee 0s lee o~ eee fo ee 8, 503. 06 
WV AELEN: rete ic ek ss ¢1,045 3 10 41, 921. 66 3, 000 2 6, 000. 00 47, 921. 66 
Washington........ Epa Ee iad eee ee 16, 180. 60 1, 600 2 3, 200. 00 19, 380. 60 
YMG ores eee ce 1 20Ga) cee ere soccer es 16, 103. 34 3, 097 3 9, 291. 00 25, 394. 34 
Wy DCB ee Stee ee he 00: [Lees eeieemee oe 17, 749. 86 2, 500 3 7, 500. 00 25, 249. 86 
Whiteside.......... 1,120 165 14 49, 577. 39 4,000 1 4, 000. 00 53, 577. 39 
‘AN el ec ane iy tel en 1,534 205 40 111, 766. 53 1,009 1 1,009.00 | 112,775. 53 
Williamson os. 52t OSTA eee tee bee 68, 118. 88) | sos 2s 2c) oe cae wee 5}. oe 8, 118. 88 
Winnebago...-.....- 931 190 177 76, 473. 48 980 1 980. 00 77, 453. 48 
Wwwoedlord.. /2<.0.. 5: 896 F fod rn 32, 269. 49 980 13} 1, 470.00 33, 739. 49 
Oval ce sees. 6 94,141 | 6,800 | 1, 1063) 3,844, 423.73 | 173,822 |......... 366, 526. 50 |4, 210, 950. 23 
a Includes 5 or 6 miles of road surfaced with burnt shale from coal mines. 
b Includes amount received from poll tax. 
¢ Includes 3 miles of brick road. 
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PUBLIC ROADS OF NEW JERSEY: MILEAGE AND EXPENDITURES 
IN 1904. a 


‘ MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 14 ,842 miles 
of public road in the State of New Jersey. Of this mileage, 481 miles 
were surfaced with gravel, 1,901 miles with stone, and 40 miles with 
shells, making in all 2,422 “fie of improved iit It will be seen 
from fis. figures fe 16 per cent of the roads has been improved. 
By comparing the total road mileage with the area of the State, it 
appears that there were 1.97 miles of road per square mile of area. A 
comparison of mileage with population shows that there was 1 mile of 


_ road to every 127 inhabitants, and 1 eT of improved road to every 


777 inhabitants. 
SOURCES OF REVENUE. 


This State appropriates about $250,000 annually to aid the coun- 
ties and townships in the permanent improvement of roads con- 
structed under the direction and according to the specifications and. 
plans of the State highway commissioner. The State pays 334 per 
cent of the cost of these roads, the counties in which the roads are 
built 56% per cent, and the townships 10 per cent, so that for every 
$250,000 appropriated by the State for permanent roads the counties 
and townships appropriate and expend on the same roads $500,000. 


The share borne by the counties for State-aid roads may be paid from 


funds secured by assessment on the taxable property in the county, 
by temporary loans, or by the issue of bonds. The temporary loans 
are paid out of the next annual levy, and the interest and principal 
on bonds are paid annually from assessments on property made for 
the purpose. 





aThis leaflet is one of a series issued by the Office of Public Roads in which road sta- 
tistics are given by States. For the information relating to mileage of improved and 
unimproved roads and expenditures by the State on State-aid roads, the Department is 
indebted to the State highway commission of New Jersey. The information relating 
to expenditures by counties, townships, and boroughs was secured from the report of 
the comptroller of New Jersey for the year 1904. We believe, therefore, that all of the 
information can be accepted as correct and that it will form a valuable basis for com- 
parison and for future work of this kind.—LoGan WALLER PaGe, Director. 
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Boards of chosen freeholders of counties are authorized to construct 
and repair certain county roads. The cost of building these roads. 
may be paid out of a special tax levied by the board of freeholders — 
for the purpose, or by temporary loans, or by the issuance of bonds. 
The cost of repairs, as well as the interest and principal on temporary 
loans or bonds, is paid for out of a special tax levied for this purpose. 

The qualified voters of the townships at their town meetings appro- 
priate or raise the necessary funds for opening and repairing roads. 
The funds to meet these appropriations are assessed against the tax- 
able property in the township. In case the qualified voters fail to 
provide funds for this purpose, special elections may be held, where 
the necessary money is raised by the vote of two-thirds of the voters 
present. No township is authorized to assess for road purposes more 
than 70 nor less than 20 per cent of the amount raised for county 
and poor tax. 

The legal voters of the boroughs are authorized by law to assess 
and appropriate annually such sums as may be necessary for the 
construction and repair of roads. In case the voters fail to appro- 
priate for this purpose the mayor and council of the borough may 
fix the road tax at a sum not to exceed three-fifths of 1 per cent of 
the assessed valuation of the property in the borough. 

Expenditures for the construction and repair of bridges are paid 
by the counties in cases where the bridges cross running streams. 


Mileage and expenditures in 1904. 




















Miles of publ.c roads. Expenditures. 
County. Total | Surfaced | Surfaced | Surfaced eat are ne By State 
road with with with ri PS, | on State- Total. 
mileage. | gravel.¢ | stone.¢ | shells.a@ 5 oroughs.b aid roads. 

@NY TIES Wg sree eee eae 688 82. 24 15.27 Neen ee $88, 554. 58 | $10, 963. 58 $99, 518. 16 
OTLEM aes ees ee Sane 100 Htteles ure 3) OAs feeea on eee 249,763. 33 | 17,755.03 267, 518. 36 
BPTINPLON... 22 2e nes 1,334 39. 66 1408 22S eee 195, 642. 14 5, 971. 03 201, 613. 16 
Camden .o 00.63 e ce 515 21.14 OR S4a Foe Se5 86, 807. 95 9,817.67 | , 96, 625. 62 
Wapemay 2: sore! oe. 380 D4 AG Tae beet alce nee ces 24, 696. 38 8, 473. 35 33, 169. 73 
Cumberland........... 691 Aaa A Te Feet Me ae 16. 00 51, 768. 99 7,616. 69 59, 385. 68 
A ROESHSTED. gg ee at ae OTs Eee ee ae BOL. 54 |. een teee 296, 786. 82 | 21,936. 63 318, 723. 45 
Gloucester. ..2.5 12.5, 629 37. 82 SieO7 HeLeee see 104,782. 95: 12202 eee 104, 782. 95 
Pe Bd gOn ees cad S685(Seeeee ee LOO SON eee eee 71, 413. 34.7. 2 77, 413. 34 
(BUC T AV ec) a0 (6) 1 ea pened TUNED Res tscr see isc ek Cease ioe ea eee See 62,329. 78 |... .. seem 62, 229. 78 
IMETCAT eS ten the ee pie ET Fe Sere ae 1230554 Mose eeete oe 226,910.24 | 21,002. 16 247,912. 40 
Mid dlesexecsee.cte ss. 788 62. 48 DOO: Ostet nee 198,786. 46 | 27,640.77 221, 427. 23 
Monmouth) J. 2h... 1, 058 72. 66 645928 | S28. teen 357, 636.92 | 14,001.07 371, 637. 99 
IMOTTIN ata. eorr oer a Ol Gul ee oes 143,14 oe eee 224,815. 37 | 18,821. 62 243, 636. 99 
MERCER St i tgs Sie pata 821 79.77 LOS 00 teehee eee 127,122.15 | 12,079. 60 139, 201. 75 
BUSA iCow eerste etk oe BOOM Ttiases Cope BOL whee of Meee roast 258, 883. 26 3,711. 20 262, 594. 46 
SILT eS Be py 697 5. 92 7.79 23. 78 34,584.83 | 17,227.29 51, 812. 12 
MOIMBLHOL.. ole eck ee eek's G12. 1s he ye LES. Se ua tees 104,177.86 | 20,080. 92 124, 258. 78 
DUSSOXeea oes, oo 2 Ud ees Fey ge MCN eae 5a 82, 600. 66 4, 105. 06 86, 705. 72 
TOW ae eerncecine otenicene 567 UO ase eee AGE AZL el oe ee eee 86, 283. 82 1, 106. 99 87, 390. 81 
Wisht oti ctelsaeets 2 fe sites 700 that ieid= Seem BS.j50 Yee ens te 89, 463. 43 | 27, 689. 34 117, 152. 77 

dyiyl ss CARERS Be 14, 842 481.47 | 1,901.05 39.78 | 3,024,811. 25 | 250,000. 00 | 3,274, 811. 25 











a Where figures are not given in these columns, no mileage has been improved. 
b This column includes expenditures for highway bridges and amounts spent by counties and town- 
ships on State-aid roads; also road expenditures in boroughs. 
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EXPENDITURES. 


The total amount expended by counties, townships, and boroughs 
for road and bridge purposes was $3,024,811.25 in 1904. ‘This in- 
cludes $891,831.48 for construction, repair, and maintenance of 
bridges, and also the amounts expended by counties and townships 


on State-aid roads. The amounts expended by the State on State- 


aid roads in the various counties was $250,000, making a total ex- 
penditure of $3,274,811.25. By comparing the total amount ex- 
pended with the total mileage of public roads and with the popula- 
tion of the State, it is found that the funds collected and expended 
for road purposes amounted to $220.64 per mile of public road or 


$1.73 per inhabitant. 
! Maurice O. ELDRIDGE, 


Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


_ Wasurneton, D.C., February 1, 1907. 
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MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 108,133 
miles of public road in the State of Missouri. The total mileage of 
most of the counties has been estimated in this Office, on the theory 
that in counties devoted to agriculture nearly every section line is a 
public road, and that the mileage in the other counties varies from 
three-fourths to one and one-half miles of public road per square 
mile, depending upon population, resources, and topography. Of the 
total mileage, 1,8714 miles were surfaced with gravel and 8614 miles 
with stone, making in all 2,733 miles of improved road. It will be 
seen from these figures that 2.5 per cent of the roads has been 
improved. By comparing the total road mileage with the area of the 
State, it appears that there were 1.5 miles of public road per square 
mile of area. A comparison of mileage with population shows that 
there was 1 mile of public road to every 28 inhabitants, but only 1 
mile of improved road to every 1,136 inhabitants. 


SOURCES OF REVENUE. 


The county courts in the various counties of this State are required 
to levy a tax for road purposes of not less than 5 nor more than 20 
cents on each $100 worth of taxable property. This tax, as well as 
the poll tax, may be paid in labor at the rate of $1 per day, or $2 per 
day for team and wagon. | 

The county courts are also required to levy for road purposes an 
annual poll tax of not less than $2 nor more than $4 upon every male 
inhabitant over 21 and under 50 years of age residing outside the 
limits of incorporated cities and towns, but in counties of 100,000 
population or more as high as 6 days (or $6) may be assessed. The 
county court may refuse to permit poll taxes to be worked out. 

The construction of stone or gravel roads within a district may be 
paid for out of funds derived from a special tax levied by the county 
court when authorized by a vote of the people living upon the lands 
abutting on or adjacent to the proposed improvement. Such levy 
may be divided into equal annual installments extending over a period 
of not to exceed five years. 


aThis leatiet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult. Most of the information has 
been sent in by voluntary county correspondents appointed by the Department. 
Every effort has been made to verify all figures given, and in most cases local officials 
having supervision of the public roads or the public-road records have certified to the 
correctness of the figures. Nevertheless, errors may have crept in. Many roads have 
never been surveyed or measured, and in some instances careless methods prevail in 
keeping records of the collection and expenditure of road funds. This Office should 
not, therefore, be held responsible for the absolute accuracy of the figures. It is 
believed, however, that, with some exceptions, they can be accepted as fairly correct, 
and that they will form a valuable basis for comparison and for future work of this 
kind.—LoGan WALLER Pace, Director. 
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Any territory not greater than 6 miles square in which a city of the 
third or fourth class is located may be organized into aspecial road 
district, and when so organized is entitled in addition to other road 
revenues to one-half of the county dramshop license fees and one-fourth 
of the city dramshop license fees paid within the district. The license 
fee for such dramshops varies from $250 to $400 per annum. ‘This 
money is expended in these districts in permanently improving roads. 
The county courts may, however, at their discretion expend it on 
bridges. 

racial road districts not exceeding 8 miles square in which there is 
a city or town having a population of from 500 to 1,000 may be organ- 
ized for the purpose of improving or repairing roads. The districts 
so organized may improéve the roads beyond the limits of the district, 
provided the citizens along said road will assist. 

The following modifications apply to counties under township 
organization. The rate of tax for road purposes is limited to 15 cents 
on the $100 valuation, but this rate, added to the rate for all other 
county and township purposes, must not exceed the limit fixed by the 
constitution of the State. This limit, so fixed for all county purposes, 
varies from 35 to 50 cents on each $100 worth of taxable property, 
depending upon the value of the taxable property in the county. 
The township tax may be paid either in cash or in labor, at the option 
of the taxpayer, unless by a vote of the people of the township the 
contract system is adopted. In that case the tax on personal property 
must be paid in cash, while the poll tax may be paid either in labor or 
in cash, at the option-of the citizens. The poll tax in these counties 
is not less than $1 nor more than $3. 

In counties which have an assessed valuation of $15,000,000 or 
more and where there are 150 or more miles of stone or gravel roads, a 
special tax of 15 cents may be levied for road purposes on each $100 
worth of property within the limits of incorporated cities or towns and | 
a general tax of 20 cents on each $100 worth of taxable property in the 
county. The rate of this tax added to the rate for all other purposes 
must not exceed the limit fixed by the constitution. 


EXPENDITURES. 


The amount expended in cash by the counties and townships for 
road purposes was $1,570,801.29 in 1904, and the estimated cash value 
of the labor tax was $798,171.50, making a total expenditure of 
$2 368,972.79. It will be seen from the table that the cash value of 
the labor tax in each county is the product obtained by multiplying 
the number of men drafted for road service by the number of days 
required of each man annually, and this product by $1. By compar- 
ing the total expenditures with the total mileage of public road and 
with the population of the State, it is found that the funds collected 
and expended for road purposes, including the estimated cash value 
of the labor tax, amounted to $21.90 per mile of public road, or $0.76 
per inhabitant. 

Maurice O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WasuHIneton, D.C., February 15, 1907. 
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Miles of public roads. Expenditures in money and labor. 
Site Rand Labor tax. 
County. Esti- | faced ae levy—| Amount a i Total ex- 
mated | with | Vis, | tate | expended | M ele: Value of pencitees 
total. | grav-|.ionea| Per | incash.> | subject] “7o. | labor at es ee , 
el. a “| $100. to tax. text $1 perday.|  -*P 2s 
; | Dollars. Dollars. Dollars. 
(a | DOU emacs erat 2 © 25 15,000.00 | 1, 600 3, 4,800. 00 19, 800. 00 
Andrew Pee eet «SS. PLO Gee cel a Seca 30 22, 000. 00 1, 750 2 3, 500. 00 25, 500. 00 
PeenNsOD 5 .4...... OO ae Sila ehain ee OOH 28 27,000.00 | 1,907 3 | 5,721.00 32, 721. 00 
Lc ae L170 |... ome]eee oes 20 14,000.00 | 1, 360 3 4,080. 00 18, 080. 00 
So PeeOU Nea ue tas fed Up ee | 15 6,000.00 | 2,500 | 4 | 10,000. 00 16, 000. 00 
Pea U EO a ec aitc.- .. 1 000 Olt eee é 15 3, 402.00 | 3,500 2 | 7,000. 00 10, 402. 00 
ISACCS A 26. 3 ee ee Lhe OSE eareee ce 2 15 8,000.00 | 4,000 2} 8,000. 00 16, 000. 00 
BOntan,.-)........ AL Silt see (eT ae 10 4,162.58 | 1,800 4| 7,200. 00 11, 362. 58 
‘Sheil cules: IN bat eet. Be Pen aes 15 3,181.79 | 2,073 4 | 8,292. 00 11, 473. 79 
GOROgm a sss. e } ody 44 1 10 6, 481. 11 2,940 4 | 11,760. 00 18, 241. 11 
Buchanan.......-.. Pee On eas Bees | 11 15 52,000.00 | 2,355 3] 7,065. 00 59, 065. 00 
oo) Mado ts 0: A! 15} 8,500.00] 1,900 31 5,700.00 14, 200. 00 
Matiwell.o...:..-.-| coh ee poe ete 15.) re '7.500; 00... 5,000 2 6,000. 00 13, 500. 00 
Wallaway.......... 1, 440 BOE ce ks yes 26 13,700.00 | 3,988 3 | 11,964. 00 25, 664. 00 
ramen... /.-::---- : 15240 cha Esiewe ne. | 15 1,600.00 | 1,500 4 6,000. 00 7, 600. 00 
Cape Girardeau....| 1,010 GOVE cae 20 8,803.56 | 2,524 4 | 10,096. 00 18, 899, 56 
aS | GANA ae so (d) 15,610.18 | 2,878 2| 5,756.00 21, 366. 18 
Pera. 1. ---... “Tea eat eee 5 1,200.00 | 1,050 3| 3,150.00 4, 350. 00 
I Se i, 72h Ike 8c eee 15 | 15,000.00 | 3,000 1 | 3,000. 00 18, 000. 00 
Cedar yas OOO ee Sameee orn sha s 10 3,700.00 | 2,636 3 | 7,908. 00 11, 608. 00 
@aatiton:...2.....- DPQU IF Sree bee ea 15, fee 11,553, 00-19 2,511 3| 7,533.00 19, 086. 00 
WUTIStAN. .. 7.2 .:..| COO poe ae | a 15 4,500.00 | 2,000 4) 8,000. 00 12, 500. 00 
ET) ee Cee sick SOON ac dae peat ene 20 10, 000. 00 1, 800 3 | 5,400. 00 15, 400. 00 
Ss (il catpter < ) eeieea 15 6, 341.92 | 2,000 2 | 4,000. 00 10, 341. 92 
UC a SS ee Cen 10 | 7,000.00 | 1,700 3 | 5,100.00 12, 100. 00 
Ly eee . 900 e80 | ¢€120 20 | 3,000.00 | 1,000 4 4,000. 00 7,000. 00 
[OTS SOD: i|s02 eee forge 10 12,927. 45 | 2, 460 3 | 7,380. 00 20, 307. 45 
Os a ZS aL aeons Poe oh 13 5, 102. 74 1, 568 3 | 4,704. 00 9, 806. 74 
OS 630 Ds ee nee 20 7,000. 00 3, 600 3 | 10,800. 00 17, 800. 00 
OT 625 ROIs Sacre 10 2, 100. 00 1, 800 4; 7,200. 00 9, 300. 00 
eiveg jess... .......... me1.000 |e 14) 15] 16,683.84] 2,800 2| 5,600.00 22, 283, 84 
BMG AAMc.2>........ | 7(NY sae eee Ptah aes 15 | 8,000.00 | 2,500 2 | 5,000. 00 13, 000. 00 
Ci ae | 630 TOM ede 10 | 3,900.00 | 1, 400 3) 4,200. 00 8, 100. 00 
Douglas eye Jae meets 15000 fs es / ee ee 10 2,000.00 | 2,300 4 | 9,200. 00 11, 200. 00 
Dunklin Beets: <=. | OOU Aes tere Peer ee} 20 3, 500. 00 1, 750 4 | 7,000. 00 10, 500. 00 
iodshel thn 1,553 80 | 35 | 20 12, 968. 00 3, 242 4 | 12,968. 00 25, 936. 00 
Gasconade......... 900 10 | 48 | 25 7,953. 10 1, 755 4 7,020. 00 14, 973. 10 
SPOMGLVE.S 0... -.--- Aine are mime te Ae cate | 15 6,500.00 | 3,000 4 | 12,000. 00 18, 500. 00 
RAReeHCL 2.2.2... 1, 148 LOS cee 20 39, 448. 35 4,141 3 | 12, 423. 00 51, 871. 35 
Pema): .:...- vik gieee Pee 15 | 12,000.00 | 1,800 4| 7,200.00 19, 200. 00 
Stieileo  — al LOO See al eepc mee 15 12, 750. 00 1, 850 2| 3,700. 00 16, 450. 00 
EO Or Le SOQME. soa. % 13) 15 14,000.00 | 2,900 3 | 8,700. 00 22, 700. 00 
PINGIONY oc ose... - 9 7 ney Ree ot. de chats 8 1, 600. 00 1, 300 3 | 3,900. 00 5, 500. CO 
SU Se. SOOT eet eee | 10 6, 090. 00 1, 981 3 | 5,943. 00 12, 033. 00 
UG GC i | OBON Re seere tee ss.a che 10 | 6, 500. 00 2, 000 3 | 6,000. 00 12, 500. 00 
Oe BOSS es AS NSS Ste 15 4,000.00 | 2,000 4 8,000. 00 12, 000. 00 
Meee ele is = 5 ci. <e,- Abs sears be 10 | 1, 458. 56 800 2} 1,600. 00 3, 058. 56 
MPUCSGIN S55 2 woo. = fe LR OOS Soe oe 193 | 15 | 223,282.11 | 3,000 3 | 9,000. 00 232, 282. 11 
MASpel......- eee GOO rao p ales oe | 10 | 60,971.36 | 1,695 24| 4, 237. 50 65, 208. 86 
MOMerSOn. ........-. Reel OO0 cies ce 00: 15 15,000.00 | 3,500 3 | 10,500. 00 25, 500. 00 
eo. 2... .-...- | ake? Stata eee oe 3 15 16, 500. 00 2, 650 3 | 7,950. 00 24, 450. 00 
ae 8 aS eee 20 8,061.86 | 1,500 2| 3,000. 00 11, 061. 86 
meeciede:........... 1,033 Tues 10 3,052.55 | 2,130 4} 8,520.00 11, 572. 55 
Tafayette.......... ‘Ogre a et eae 5 9,059.00 | 3,292 4 | 13, 168.00 22, 227. 00 
A WirenCeG....t..... 1,000 LOOMS anata 20 | 14,220.00 6, 000 4 | 24, 000. 00 88, 220. 00 
oO 863 26) fede we ee 20 | 7,037. 00 1, 387 3 | 4,161.00 11, 198. 00 
WoC Occ. -s--- PU hE - Sake 15 7,000.00 | 2,479 3 7,437. 09 14, 437. 00 
lL | O54 te hsSr.caaee 15 | 10,843.85 1, 355 2} 2,710.00 13, 553. 85 
Livingston......... (C0 Oy rene ee pee ee | (da) 17, 005. 93 2, 664 2] 5,328.00 22, 333. 93 
mMmeWonald.......... 670 | Lees = | 15 1,800.00 | 1,300 4} 5,200.00 7,000. 00 
Ee Ee S80 cf Bede te racks e | 15 15,000.00 | 3,000 3 | 9,000. 00 24, 000. 00 
UEISOIE. 5 2... - 854 | pay ee eee 20 3, 500. 00 1, 590 3 4, 500. 00 8, 000. 00 
UCU CE 900 Teme ates vlbeoes 25 15 2,625.00 | 1,450 4} 5,800.00 8, 425. 00 
PR TOM s 0504 Soa > « 740 / 2: So eae ea | 25 | 17,000.00 | 4,800 2 9, 600. 00 26, 600. 00 
Mreroere.......2.... ff 9 i ae ee bie iy 7, 290,02. | 22.145" | 3 | 6,435.00 | 18,665.92 








a Where figures are not given in these columns, no mileage has been reported. 

b Includes amounts expended from dram-shop funds. 

eTen cents for county fund and 15 cents for district fund. 

d Rate varies in different townships. 

e Judging from the amount expended, this seems to be an excessive mileage, but the county clerk of this 
county, in answer to inquiry, replied that he considered the information correct, 

f Includes $194,911.52 derived from dram-shop fund. 

9 These roads are constructed of ‘‘chats,” a by-product from zine and lead mines. 
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Mileage and expenditures in 1904—Continued. 
Miles of public roads. Expenditures in money and labor. 
: Labor tax. 
| Sur- Road 
"1 : POOR. Sur- Amount. |>———OD 
“ge | Esti- | faced | raced | !°YY—| expended Days’ penditures 
mated | with | With | tte | incash. | Me™ | jabor| Value of | in cash and 
total. | 8TAaV- | .tone,| Per : subject or labor at labor 
el. “| $100. to tax.| P& | $1 perday. : 
| | | man. 
| 
| | Dollars. | | Dollars. Dollars. 
AU iliac AS eee |. 1,037 50 | © .25 15| 7,500.00! 2,500; 3) 7,500.00 15, 000. 00 
Mississippi.....-.-- 1s 700 | Stas |e ee 15 8,400.00 | 1,680 35,040. 00 8, 440. 00 
Moniteau.......--. 800 1945 ie 20 6, 485.00 | 3,050 3 | 9,150.00 15, 635. 00 
Monroess. 3 Lesa | 1,150 10 Ly Xa) 4,000.00 | 3,000 | 3 9,000. 00 13, 000. 09 
. Montgomery -:-..-- 900 LOMGe sees 15; 10,506. 27 1,939 | 3 | 5,817.00 16, 323. 27 
Morgaws, «2 8806s bt 025A kas 5 20.) 1,218.25 | 2,000 3. 6,000.00 7, 218. 25 
New Madrid.....--. D100 eect sete 20 | 6,750.00 | 1,100 | 4 4, 400. 00 11, 150. 00 
ING WibOlsececaesaeee 775 30 3 20 | 13,000.00 4, 000 3 12,000. 00 25, 000. 00 
Nodaway.......--- 15004. Seine one 15 12,000.00 5,000 3 15,000. 00 27, 000. 00 
Orecone esha n eee O19. {oawentera| Some e 15 3,500.00 | 1,000 4 4,000.00 7, 500. 00 
eames fit ea 1/040. 00 Ban 25 | 17,532.85 | 1,975 3 5,925.00 23, 457. 85 
DEATICOA. =, bah ones, THD}. cba ne a 10 1,200.00 | 1,600 4 6,400.00 7,600.00 
Pemiscot........... 1) 500 |S Meagher ee (©) 7,600.00 } 1,200 4) 4,800.00 12, 400. 00 
St eee ee: | 600] 100 5 123} 4214.13 | 2,000 3, 6,000. 00 10, 214. 13 
PECUIS see fae LOLSSa| cere 20 15 30, 542. 98 2,144 3 | 6,432.00 36, 974. 98 
Phelpetn ecards 1, 162 Bir tooo! ook 20 6,268.99 | 2,551 3} 7,653.00 13, 921. 99 
Piketasues 22a dete | 1,050 HS ateeccee 20 9,000.00 | 2,300 3 | 6,900. 00 15. 960. 60 
Platter. 2 3 hs 000-4. etna ec { 201 10,000.00| 1,500] ~- 2) 3,000.00 13, 000. 00 
Leto CUA eh ewan « bee te LNO7 OR eee ee ee 15 7,000.00 | 2,800 4 | 11,200. 00 18, 200. 00 
ulaskibencsme aseedie © UU! |S fee Ste 10 1,650.00 | 1,200 4 | 4,800. 00 , 450. 00 
Putnam nee e266 ROS: diel pats 15} 2,500.00 | 1,500 2 3,000.00 5, 500. 00 
allie 57s ae: | 825 30 5 20! 8106.56 | 1,460 3| 4,380.00 12, 486. 56 
Randolph stene.c\ ) 840'R lee 131 10 7,893.91 | 1,900 4 7,600.00 15, 493. 91 
Oh bccn ee eee | O75 le = gales iene ae 20 15,000.00 | 3,066 4 | 12,264. 00 27, 264. 00 
Pen noigs et ene | eon he gan we manele ie ; iy 1, 200 : 4, 800. 00 5, et 
Tidy a) See DED 0801. peer aate oe ,000. 1,565 6, 260. 00 9, 260. 00 
ae eg Bet oe ret : cea 125 15 . Nes het a a 500. 00 47, 546. 92 
WGlaie’ sie 5200, (hoe tae ee arte 5 5, 800. , 000. , 800. 
Ste. Eeevicganar 620i =, DON 20 4 700: 00 1,200 abede 800. 00 e 300. 00 
St. Francois........ 780 5 29 15 6,500.00 4,000 2} 8,000. 00 14, 500. 00 
Bi eLouis.. cess: 1,180} 78 y -2254| (2)! | 273,774.90.) (Ff) i lr 273, 74. 99 
SALINE Se ee ate ont Pot yas Mee OS eee 15 12,800.32 | 3,481 3 | 10, 443. 00 23, 243. 32 
SGU Vien s62-enceee | ALB beck ee neon 15 3, 202. 33 1, 163 4 | 4,652.00 7, 854. 33 
PCOnant. . oe. eee (iim Mee AR eA 15 6,333.12 ; 1,400 3} 4,200.00 10, 533. 12 
SOR AS SHAS ee | 7 18 14 15 | 911,842.31 | 2,062 3 | 6,186.00 18, 028. 31 
Shannon :-.3-.....- 840 Bl foc tee (a) 4,261.00 | 1,000 2| 2,000.00 6, 261. 00 
Del Vee ea oe | 705 Disc see 20 14,961.41 | 2,000 “ 3] 6,000. 00 20, 961. 41 
SUOCUArC ee tere nee L0G CP tose el aetes oe 15 6,473.56 | 3,806 4 | 15, 224.00 21, 697. 56 
Rigi eee voce: 450 ee BR Oe oe 15 2,116.87 | 1,552 4| 6,208.00 8, 324. 87 
Suilivane). bb. cc. eed 022" Os Sie 15 9,000.00 | 3,306 3} 9,900.00 18, 900. 00 
Laney eee 26 to: O40 Naa eee oe ee 10 800.00 | 1,200 4 4,800.00 5, 600. 00 
Pecan see oa ee 990 ie Rogge 10 3,200.00 | 1,800 4} 7,200.00 10, 400. 00 
paren 5 rl ee cea oe hee ae ee ze Be he ' 4,000 4 ees 00 ee 
aren? ... 08.08 by 1700) eee es Pate 0 ,000.00 1,500 , 500. 00 13, 500. 00 
Washington.......| 1, 290 30 2 10 2,200.00 | 2,500 2 5,000.00 7, 200. 00 
Aone = Deere 1,292") 80s oA al 0 6,000.00 2,000. 4| 8,000.00 14, 000. 00 
Wiebsterban eel oe. TAQ Ee Ena ores at 10 9,363.00 | 2,334 4} 9,336.00 18, 699. 00 
WiOltheee etna ce SAG Wit cede eee 15 4,000. 00 1, 600 4 | 6, 400. 00 10, 400. 00 
NViTightere ee orto GOON A Re Beenie eee 10 ‘11,048.76 | 2,098 4 | 8, 392. 00 | "19, 440. 76 
= cee! pias B ne cc J ae 
Total sts a4 108, 133 1, 8714) 8614) 222. 1,570, 801.29 |256, 542 |....... 798,171.50 | 2,368,972. 79 





| | | 
a Rate varies in different townships. 

b Includes 60 miles of natural gravel roads. 

¢No levy made; cash derived from dram-shop fund. 

d Of this amount, $12,385.68 was received from dram-shop funds. 

e Rate not reported. 

? Number of men subject to labor tax not reported. 

g Of this amount, $7, 227. 89 was received from dram-shop fund. 
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MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 24,897 miles 
of public road in the State of Louisiana. Of this mileage, 26 miles | 
were surfaced with gravel and 8 with stone, making in all 34 miles of 
improved road. It will be seen from these ficure: that only 0.14 of 1 
per cent of the roads has been improved. By comparing the total 
road mileage with the area of the State, it appears that there was 0.54 
of a mile of public road per square siete of area. A comparison of 
mileage with population shows that there was 1 mile of public road to 
every 55 inhabitants, but only 1 mile of improved road to every 40,636 


inhabitants. 
SOURCES OF REVENUE. 


The police juries® of the various parishes (counties) are authorized 
by law to levy special taxes for road purposes on all real and personal 
property in the parishes. This tax must not exceed $15 per annum 
on each person liable to the tax, and the funds received from the same 
must be applied exclusively to the building and repair of roads. 

Every able-bodied male inhabitant between the ages of 18 and 50, 
unless by law exempt, is required, to work on the public roads not to 
exceed twelve days each year. In lieu of this labor each person may 
pay $1 for each day he has been summoned to work upon the roads. 


@ This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult. Most of the information has 
been sent in by voluntary county correspondents appointed by the Department. 
Every effort has been made to verify all figures given, and in most cases local officials 


having supervision of the public roads or the public-road records have certified to the 


correctness of the figures. Nevertheless, errors may have creptin. Many roads have 
never been surveyed or measured, and in some instances careless methods prevail in 
keeping records of the collection and expenditure of road funds. This Office should 
not, therefore, be held responsible for the absolute accuracy of the figures. It is 
believed, however, that, with some exceptions, they can be accepted as fairly correct, 
and that they will form a valuable basis for comparison and for future work of this 
kind.—LoGan WALLER PaGe, Director. 

b Police juries in Louisiana correspond to the boards of county commissioners or the 
county courts in ether States. 
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Mileage and expenditures in 1904. 
Mileage of public roads. Expenditures in money and labor. 
Labor tax. 
ari Total | Sur- Sur- Days’ Total ex- 
Parish (county)- <> | ‘of all’ | faced | ftaged yee Cun ane te aaa penditure 
: : : expended | ber of Value of : 
public | with | with | 57% ashi’ eh re- tax at $1 ee cash 
roads. |gravel.a| shells.@ : subject quired | per day.¢ and labor. 
to tax eee 
num. ¢ 
Dollars. Dollars. Dollars. 
INGRGIG ota eo ne ee cee d 600") ce; seeleceee ce 18,000.00 | 1,200 12 | 14,400.00 | 32, 400. 00 
ENSCENSLON eae e eee ae TSU oe een alone ote 2,400.00 | ace ees. eee 2, 400. 00 
ASSUMP ULOMGe caer eee 200 %)8. eee | eee 9, 000..00.|.. 2222.70) -.2s..--|2 22 5, 000. 00 
PANVOV COS sein sieene cr eae SOOM cs Sesh eee 6, 500.:00 so-so. oes eee 6,500. 00 — 
PBI UO esse c tes hese 0 Ae Wepre 2,500.00 | 2,500 12; 30,000.00 | 32,500. 00 
UEP ES CGE ea ag a age a 500 Wee ahs bret € 73, 090. 00 De Ne a ee. (f) 73, 090. 00 
Caddo ae thir Posse eae 487 bMS aS Bil La 2 9 30,000. 00 |..25 cae] 26 eee _ 30,000. 00 
EICUISEST IS 5 I a a rae AR ae aps 1000 fesse ce 2 8,000. 00 | @ 4,000 3 | 12,000.00 | 20,000. 00 
GOHAWEN Sepecl ene lst cake 700 We dinn oktehes Sep lee Tee ee ame eee e 1, 450 6 8, 700. 00 8, 700. 00 
Cain CTO Spas Osc ee sc nee 175 UP isscatrse 2, 838. 07 475 12 5, 700. 00 8, 538. 07 
SA URHOUa ecco sek. cee es 1200 ATE. cSt eee Apis bas eee 3, 600 6 | 21,600.00 | 21,600. 00 
CAI DOINO joes Fess ae | ROD Nees onal Heme 6,000.00 | 4,537 5 | 22,685.00 | 28, 685. 00 
Concordia ss: oan OOO Nae Eee 3, 160. 00 (TUAW. See (f) 3, 160. 00 
WA EOLOn ets a oes esis 400 PSS See ce oe eee ee ak 3, 000 12 | 36,000.00 | 36,000. 00 
East Baton Rouge....... SOO Ge se eae e h 25,535.54 | 4,500 6 | 27,000.00 | 52,535.54 
Mas OATTON 52.562. 2... ORD 2D cee oe sae eee 3,000.00 | 4,000 10 | 40,000.00 | 43,000. 00 
Hast Meliciana.22.2.28. ABO Gs S20 eee it eee 4,000 12 | 48,000.00 | 48,000. 00 
jie WN Wu Wola ta eae ge a DOO fc os le ee roe 1,500.00 | 1,000 8 8, 000. 00 9, 500. 00 
ASEOTe ome geataee ss Aon DOO Gone ta Reet ee Selah eine ene 800 10 8, 000. 00 8,000.00 — 
PDerig arse kscw ss hoes. CUE Rare eS Ppt ae 6, 000. 00 C2 Bes BS: r (f) 6, 000. 00 
PWOrVAUGr es ete sek, 5 ee: 110 AG Re ec 6,000.00 | ..2.....).2. .2 20) 6, 000. 00 
JURKOMS OBS 5 ein soe aR EEE DOO Be erate 6 1,000. 00 |s...s. -<|2-0 2.3.2) 1,000. 00 
HerersONecten ss. 122 aed 1007 Os Fe Se ees 5, 000. 00). . 2.55 ).20 25-0) er 5, 000. 00 
WALA CULO amen aes DA Us ee ies rs eI ies 4,000. 00 (S) OR eee (f) 4,000. 00 
POHAOUTCHUSN ae oe ono. ee DLO Woke ott eee 1, 500. 00 (tht ceeeee (f) | 1,500. 00 
RCO tere cera ede es SOO ho Rae Lana lee ne eee ee 800 12 9, 600. 00 9, 600. 00 
PRvIMeSLOD. peel set oe oe DOO Bscce eco lon stare ko ae ere ere 1, 600 10 | 16,000.00 | 16,000. 00 
15 Ea EPS 6 RS oy ele ee 400 See aea cic omaee 7, 338. 40 CS) aan (/) 7, 338. 40 
IMOPrEMOUSG Aeyice soe ne 3O4 Bho woe tell settee Ose acne eae ta 3, 5 | 15,000.00 | 15,000. 00 
Warciitoches* 2..- 255.2... 2 LD00 Ne ae eae ee 7,036.21 | 2,500 10 | 25,000.00 | 32,036. 21 
Orlcanceee tas sk (2) Jone cecccloccececs|ecce seu nvcectoeas cot clloeecnccn'le eee eee 
ie RTS) 910 Vg eg 360 15 eee 16, 352. 50 C2) los ese (f) 16, 352. 50 
Plaquemines............. Ue UN oer remain Conta 4,000.00: |.2.-. J Se 4,000. 00 
Pointe Coupee-...2..2...- 400 seen See ae #;000.00 |e 002. oo Se eee oeeee 7,000. 00 
PMCS teeter ooh, hac ae EE GRP on ES Se A ee 4, 063. 74 (2) Nae oan (f) 4,063. 74 
BOG RLV OL otal noe actors oe ZOO NAc ee eres te eae ae oe 3, 000 12 | 36,000.00 | 36,000. 00 
BRCM Gee tte as ays xe TOO isaac pal ogee noe 500.00 | 1,500 5 7,500. 00 8, 000. 00 
Pai Cae ees oa. arts cas AQO Bie tone: mers! Gavecte ee €1,100.00 | 2,200 12 | 26,400.00 | 27,500. 00 
hy tind 2 oy 08 eve fete ey ep gee Ue ROE See ero (eee ee 7,000. 00 AS) wie eos (/) 7,000. 00 
Rie oleniedss sen. cee oo ote UOT acide nlSeOee 2,250.00 52 oo ccne |e oon ee eee 2, 250. 00 
DU PELCLENG Aten oe oen oe ois SOO Bpeodice some mckncer (rete gees 1,500 12 | 18,000.00 | 18,000. 00 
STmiallCs sere ter see ODOR Eee em oeeloeceaes 2,800. 00° oo a. 2c cl: ae neta ee ee 2, 800. 00 
St. John the Baptist..... SS epee aban, bye DC EELS | 2 700. 00 he ee | ic axedes li rn 2, 700. 00 
SUPA Ty cement ee ae S009 See ae eee 16,346.30 W225. 52)).02 2 oe oles ee 16, 346. 30 
iPM OULITE cone oo enc PARI IES A ator POR nar 2, 000.00 Aas ooh ac |e ce sec ce [eee 2,000. 00 
SieMatyawenee .. een oe wee 202 S| cnet me ance etree eas 6,100. 00 "02.2. S22 oe 2 lee 6, 160. 00 
Uae MIUSUAIY.-' sis an' cic 220 Ao cetolenaa ares 5,000.00 | 1,200 6 7,200.00 | 12,200. 00 
ene pRN OG isi a .cces- awe 1.200 ee ee ee 10, 300 00 2,500 10 | 25,000.00 | 35, 500. 00 
POCULSH BEM eit eee aah: or AOD it Fe ena 10, 000.00 Ciwaiacts eer (4) 10, 000. 00 
eT TeDONMG Sees teen a. ea 220 aoe eee 1,000.00 | 3,106 6 | 18,636.00 | 19, 636. 00 
RBTOI ee alr ons he = th a2 Di) arses Vea hnes Sree: 9,000.00 | 2,000 6 | 12,000.00 | 21,000. 00 
Wermlione Sess: 225%, 4 L500 Aes oe | eee 3, 300.00 | 2,500 12 | 30,000.00 | 33, 300.00. 
WGINOUPS Shed sont o.Moseaes S00 ee wee ena €2,000.00 | 2,000 6 | 12,000.00 |} 14,000. 00 
Washington. ....22...5.6: BOO ss eae 4 mapas gospel WR ete 1,500 10 | 15,000.00 | 15,000. 00 
Webster. toes. facet OOO G) okey: Sete anes vere ate ote ee eee 2, 000 12 | 24,000.00 | 24, 000. 00 
West Baton Rouge....... LOO Sige sees [eon arnae 3,041, IOS: 2. 2 sc|\occ ones. ae eee 3, 341.10 | 
WYest-Carroll es. S225, D250 Uirhs Seen (sae ae ee ee 1,000 12] 12,000.00 | 12,000. 00 
Wiest Helicianas.scees. a. BY 53 ess et Oe gs 3, 700. 00 Cay oa 88 (GA 3, 700..00 
Wi BCU R Sgn ee LE Fk El ea OOO TE TEE eave eee tee oat eee 1,250 12 | 15,000.00 | 15,0060. 00 
24, 897 26 S| 345,451.07) 70.016 eee 606, 421. 00 | 951, 872. 86 

















a Where no figures are given in these columns, no improved roads have been reported. 

b Expenditures shown in this column are from property and labor taxes. Where no information is 
given, no cash expenditure has been reported. 

¢ Where no information is given in these columns, no labor tax has been reported. 

d Estimated in this Office. 

¢ For roads and bridges. 

J Money received from labor tax included in cash expenditure. 

9 Most of the roads worked by parish prisoners. 

h Includes $11,817 expended on bridges. 

i Included in the city of New Orleans. 
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EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax and expended on 
roads was $345,451.86 in 1904, and the estimated cash value of the 
labor tax was $606,421, making a total expenditure of $951,872.86. 
It will be seen from the table that the cash value of the labor tax in 
each parish is the product obtained by multiplying the number of 
men drafted for road service by the number of days each man is 
required to work, and this product by $1. By comparing the total 
expenditure with the total mileage of public road and with the popu- 
lation of the State, it is found that the funds collected and expended 
for road purposes, including the estimated cash value of the labor 
tax, amounted to $38.23 per mile of public road, or $0.68 per inhab- 


itant. 
MavuricE O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D.C., February 18, 1907. 
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Issued April 18, 1907. 


United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular. No: 74. 
LOGAN WALLER PAGE, Director. - Rake 


PUBLIC ROADS OF NEW YORK: MILEAGE AND EXPENDITURES- 
IN 1904.4 | | 


MILEAGE OF ROADS. 


ee ee 


The accompanying table shows that in 1904 there were 73,798 miles — 
of public road in the State of New York. Of this mileage, 707 miles 
were surfaced with stone under the State-aid plan, 1,477 miles were 
surfaced with stone by the towns, and 3,692 miles were surfaced with 
gravel by the towns, making in all 5,876 miles of improved road. It 
will be seen from these figures that 7.9 per cent of the roads has 
been improved. By comparing the total road mileage with the area 
of the State, it appears that there were 1.54 miles of public road per 
square mile of area. A comparison of mileage with population shows 
that there was 1 mile of road to every 98 inhabitants and 1 mile of 
improved road to every 1,237 inhabitants. 


SOURCES OF REVENUE. 
STATE AID. 


In the permanent improvement of State-aid roads, under the Higbie- 
Armstrong law, the State pays 50 per cent of the cost, the county 35 
er cent, and the town or property owners benefited, 15 per cent. 
he State’s share inthe improvement of State-aid roads is appro- 
priated by the legislature from the general treasury, and it has increased 
from $50,000 in 1898, when the first State-aid law was passed, to 
over $1,000,000 in 1904. The share of the counties and towns in the 
improvement of State-aid roads is paid out of special taxes levied for 
the purpose, which must be paid jn money. 

The State also contributes aid under the Fuller-Plank act, which 
established what is known as the ‘‘money system’’ as distinguished 
from the old labor system. In towns which adopt the money system 
the State contributes 50 cents for every dollar raised by the town for 
the repair of highways provided these funds are expended according 
to the direction of the State engineer; but a proviso in this law limits 
the aid given by the State, in towns the assessed property valuation 
of which is $1,000,000 or more, to one-tenth of 1 per cent of the 


assessed valuation. 
THE MONEY SYSTEM. 


The towns which have adopted the money system raise an annual 
property tax for road purposes which must be equal to at least one- 
halt the value at the commutation rates of the highway labor which 
would be assessed if the labor system were in force. ‘This tax 1s not 
assessed against property in incorporated villages. In addition to 
the property tax every able-bodied male citizen between the ages of 21 
and 70 years, unless by law exempt, is required to pay an annual poll 
tax of $1 for road purposes. 

aThis leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. The Department is indebted to the State engineer and 
surveyor of New York for all the information given in the table. It is believed, there- 


fore, that the figures can be accepted as correct and that they will form a valuable basis 
for comparison and for future work of this kind.—LoGan WALLER PaGE, Director. 
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THE LABOR SYSTEM. 


In towns which are still working the roads under the labor system ~ 


the commissioners of highways of the towns assess the highway labor 
to be performed each year. The. total number of days assessed 
annually must not be less than three times the number of taxable 
inhabitants in the town. Every able-bodied male inhabitant between 
the ages of 21 and 70 years, unless by law exempt, is required to per- 
form at least one day’s labor upon the public roads each year, the 
remaining number of days assessed by the highway commissioners 
being apportioned against the property in the town in proportion to 
valuation. This tax does not apply to incorporated cities or villages, 
which are by law separate road districts. 


BRIDGES. 


The expense of constructing and repairing highway bridges is 
borne by the towns except in certain cases provided by law where the 
county contributes a portion of the cost. 


EXPENDITURES. 


The value of the labor tax expended in the labor-system towns 
amounted to $1,754,785.83 in 1905, which was practically the same 
as in 1904. (See table, footnote °.) It will be seen from the table 
that the value of this tax has been computed on a basis of $1.50 per 
day, which is the prevailing rate of wages in New York State for 
road work. The total expenditure by towns and counties for the 
construction and maintenance of highway bridges in 1904 was 
$1,289,589.99. The total expenditures by the State under the Higbie- 
Armstrong law for the construction of State-aid roads was $673,824 
and for road maintenance under the money-system law was $382,636. 
The expenditures by the towns and counties under the Higbie-Arm- 
strong law for the construction of State-aid roads amounted to 
$673,824. The cash tax expended in the money-system towns was 
$917,855. Adding these various expenditures together, we have a 
erand total expenditure by towns, counties, and State for roads and 
bridges of $5,692,514.82. By comparing the total amount expended 
with the total mileage of public roads and with the population of the 
State, it is found that the funds collected and expended for road and 
bridge purposes amounted to $77.13 per mile of public road or $0.78 
per inhabitant. 

Maurice QO. ELDRIDGE, 

Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D.C., February 18, 1907. 
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OFFICE OF PUBLIC ROADS—Circular No. 75. 


LOGAN WALLER PAGE, Director. 


PUBLIC ROADS OF OHIO: MILEAGE AND EXPENDITURES IN 1904.4 
MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 69,439 miles 
ot public road in the State of Ohio. Of this mileage, 16,159 miles 
were surfaced with gravel, 7,160} miles with stone, 951 miles with 
brick, 314 miles with gravel macadam, 13} miles with bituminous 
macadam, and 3 miles with asphalt, making in all 23,4621 miles of 
improved road. It will be seen from these figures that 33.7 per cent 
of the roads has been improved. By comparing the total road mile- 
age with the area of the State, it appears that there were 1.79 miles 
of public road per square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 59 
inhabitants and 1 mile of improved road to every 177 inhabitants. 


SOURCES OF REVENUE. 


The road laws of Ohio are so voluminous and complicated that it 
would take several pages to explain the various provisions relating 
to taxation. Briefly stated, the taxes for the construction, repair, 
and maintenance of county roads are assessed by the county com- 
missioners, while the revenues for township roads are raised by the 
township trustees. The county commissioners and township trus- 
tees are authorized, under certain restrictions, to borrow money or 
issue bonds for road purposes. 


a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. The information given in the table has been secured 
from voluntary county correspondents appointed by the Department and from Bulle- 
tin No. 6 of the highway department of the State of Ohio. Every effort has been 
made to verify all figures given, and the Department is indebted to the State highway 








‘ department of Ohio for valuable assistance rendered in this connection. It is believed, 


therefore, that the figures can be accepted as fairly accurate and that they will form 
a valuable basis for comparison and for future work of this kind.—LoGan WALLER 
Paae, Director. 
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Every able-bodied male person between the ages of 21 and 55 years, 
unless by law exempt, is required to perform two days’ labor upon _ 
the public roads, or in lieu thereof to pay $3 to the road supervisor. — ) 


There are special provisions relating to the formation of from two _ 


to four townships into road districts for the purpose of improving and 
maintaining roads; and to the building of roads by local assessment 
under the 1-mile assessment and the 2-mile assessment plans, under 
which plans a large proportion of the gravel roads have been built. 

The State-aid law, passed April 18, 1904, provides that the State 
pay 25 per cent of the cost of improved roads; the counties, 50 per 
cent; the townships, 15 per cent; and the local property owners, 10 
per cent. No roads were constructed, however, under this law in 
1904, 

EXPENDITURES. 


The amount expended in cash by counties and townships on roads 
was $3,932,563.97 in 1904; the estimated cash value of the labor tax 
was $929,766; and the amount expended by the various counties and 


townships from bond issues was $843,753.64, making a total expendi- 


ture from all sources of $5,706,083.61. It will be noticed from the 
table that the cash value of the labor tax is computed on a basis of 
$1.50 per day for the two days of road duty required to be performed. 
It will also be noticed that during the past ten years the various coun- 
ties and townships have expended from bond issues, in addition 
to the regular expenditures for road purposes, $6,205,407. By com- 
paring the total amount expended with the total mileage of public 
roads and with the population of the State, it is found that the funds 
collected and expended for road purposes amounted to $82.17 per mile 
of public road, or $1.37 per inhabitant. 
Mavrice O, ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
WasuineTon, D. C., February 20, 1907. 
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Mileage and expenditures in 1904. 
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Bonds for road 











roads, and labor. improvement. 
Labor tax. 
Total | SU | sur- | Cash ex- re Amount 
of all | faced | faceq | penditures, | Num- | Value | Issued | expended 
public| With | with | by counties! ber of of tax—| in past |r-om pond 
roads.| 272V- Istone.a| 22d town-| m 2days| ten issues in 
. el.a stone. ships. subject at $1.50 years. 1 
to tax. bod 
ay. 
Dollars. Dollars.) Dollars. | Dollars 
RISB | 25 || 00.| 10, 000.0014, 500 | 13,500 |... 70]... eee : 
5 5 P6290, 86M) a8. 000. 1115, OOO, |2 eM cyccsles se a 
b 636 10] 20] 14,865.00} 3,000 | 9,000 | 50,000 |........77. 
ON as Te C75) 77 8eb48) 417200 (08,600 1.250 on I 
4800 | 25] 90] 27,000.00 | 4,000 | 12)000 | 300,000 |........... 
b591 | 365 10 | 32, 469.00 | 5,000 | 15,000 |........ Bee ete 
1, 130 Dope ade) 34,991. 78 5, 187 | 15,561. | “163,000 es; 12. aus 
b 645 1 1P 8 200) f 150,000. 0018 8,000: 9° 000 |i as tpereneeeeuee 
SOMsiee.GT,| SL75") 29,468.19 4, 675.\.14,005.|.o.... 2 da... oe 
yee ee eae DSi248, 001800 15,1400 |i ce, ae Nes ee. ee 
600} 425 |._..... 24,534.89 | 4,650 | 13,950 | 36,200 |........... 
B570 |450;) © 20°! | 20,400. 00 1+ 6,000'} 15,000 |, 220... .... co 
b900 | ¢500|....... 12,000. 00 | 3,000 | 9,000 | 50,000 |........... 
752 | €655 |....... DG, BE6! BG. 4,000. (1% OOO! eek Mien on ee 
b 756 TON asst h © S4, 042. 645)'96, 000.) 15,000. 1.012... as seen. 
0875 | 150 10| 18,754.00] 4,750 | 14,250 | 10,000 |........... 
b 800 42| 208| 17,553.02] 2,906| 8,718 | 254,000 |........... 
Pomme | ACh) i) 720,000, 0041.92 uh lost. Eh Ae 
1,200} 700 43| 40,536.00 | 6,600 | 19,800 | 191,500 | 75,000.00 
Pe 2801) 20 34,570.50 | 2,708 |° 8109 | .ik-.. ec sc vase. 
765 | 106| 204]  50,000.00| 3,000| 9,000|..........1........... 
511 6 | 186+). 22, 483. 00:| 62,260'| 6,750 |)... 1. those. oe 
850} 210|  40| 55,710.66 |b 4,500 | 13,500 |_.........|........... 
Tay Ea eee 31,176.67 | 3,500 | 10,500} 5,000 | 2,000.00 
9800| 307] 156| 21,970.00} 8,000 | 24,000 | 70,200 | 20, 100. 00 
0764| 284]....... 53, 402. 47 | 2,500} 7,500 | 210,000 | 75,000.00 
b612| 30| 145] 12;793.00 147000 | 127000 | 390,000 | 50,000. 00 
ohh = ae St ae eo BOUND: | Siyerenn nia a areata feman 
2: 25 | 51,052. ¢ Bh NM eC a hl Rage andl Men many oe 
pe eee The tS, 0005 00 (eS, 000 | 0,000 te ix.2...|.c..cs-cee- 
B968 | 275| 425| 90,316.04] 8,767 | 26,301 |..........|.........-. 
Pete O61 201)) = 86,791. 28:1 2,450 | ©7, 868 |.s..2-celecrcosseaes 
P61 | 100) 100 26,000.00 |... -5 5-0) -o-sc- og seaaeleceerecsee: 
Bes 2 112| 15,099.75 | 3,330| 9,990 | 78,750 |........... 
b725 |  94| 101) 55,264.73 | 5,000 | 15,000 | 061,000 |122, 722. 75 
Ey al ar a eee 
iy ay 892. 10,500 | 50,000 | 15,000.00 
» 060 6 4) 14,000.00 | 3,200 | 9,600 J....--2-2-|-seeereree: 
23} 20 214. B RAI 10. 026 | ot eee one 
GOO 980 su 1300 62.800. 00 |vo2s.2es|oacevbe: 500, 000 | 32,000. 00 
9 854 1| 152| 121,584 21 | 3,200] 9,600 | 110,000 | 9) 414.00 
b oo an Eee oe ee oa By DOOR) 5, 15,000 aA at tee eda alesse 
2 4 , ) ee ee ee 
b500 | 66! 104| 46,378.29) 4,000 | 12,000 | 60,000 | 10,000.00 
1,097 | 228 19 87,756. 72 3, 576 10, 728: | epoca ty eee a 
6705 | 432 30 "000.00 | 4,000 | 12,000 | 75,000 |........... 
b 741 8 dpe Bl B04 14,00 6 288 I 1S; O00 Irasds as ecls cee cee 
ec ee 103 | 37,843.93 | 4,057 | 12,171 | 80,000 |........... 
Gia coal |Lsss. 20,047. 45 | 4,000 | 12,000} 55,160 | 4,819.89 
500 dl pera 0045 10 Ved, B00. PET, B00 Vs ok eee 
aa et PB aa ara 
b) be » | d y) > ! 
Td ee eee PAISFOE PLS, SOS ty QUAL ocd ck ee eae 
Pe ety A) rete (tee (aoe | a8 ook 
) : 5) Oy) pV aa am eee See 
Ty ae TO: line 22,809,184 ocd, 000: 1512,000 )acre-25ccicteencn eietes 
Gy ea Cha |e 9-85 | © 87,100.00 |\-7,500-|-22, 500 |..-2-...--| over seaes 
® 600 ie Gai meas, 068/00 | 8 2,490 |i07, 208s |. eke tr ee 
b700| 35 33| 19,056.36 | 2,144| 6,432] 10,000 |........... 
D982 |....... 35 | 36,959.00 | 4,000 | 12,000 |.......-..|...-------- 
b 55S 10 |= 60 | ~39,000.00 |23,000.) 9,000 |....0.--o0|-c2cnctnees 
ee 3a 49 4 37,200.48 | 1,683 | 5,049 |e nreenncorloreseneg ame 
Bay ee DAN) 2300125. 692.06 Ny... 2ckbe kes lic B99 000 Seek have 


a Where figures are not given in these columns, no mileage has been reported. 
b Estimated in this Office from partial returns. 
¢ This includes $56,206 for county bridges. 

d This includes 10 miles of brick road. 


e These are stone roads surfaced with gravel, comn 
{This county has 81} miles of brick road, 13} mi 


macadam, and 3 miles of asphalt. 
g Includes 2 miles of brick road. 
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monly known as pikes. ; 
les of bituminous macadam, 31} miles of gravel 


Total ex- 


penditures, 


in 1904, 
including 
value of 
labor tax 

and 
amounts 
expended. 


from bond 


issues. 


Dollars. 
23, 500. 00 
78, 629. 86 
23, 865.00 
82, 378.54 
39, 000. 00 
47, 469. 00 
49, 782. 72 
39, 000. 00 
43, 493. 19 
30, 648. 00 
38, 484. 89 
35, 400. 00 
21, 000. 00 
37, 836. 89 
99, 042. 64 
33, 004. 00 
26, 271. 02 

720, 000. 00 

135, 336. 00 
42, 679. 50 
59, 000. 00 
29, 233. 00 
69, 210. 66 
43, 676. 67 
66, 070. 00 

135, 902. 47 
74, 793. 00 
20, 694. 16 
60, 952. 31 
22, 000. 00 

116, 617. 04 
44, 159. 28 
26, 000. 00 
25, 089. 75 

192, 987. 48 
28, 200. 00 
43, 392. 21 
23, 600. 00 
56, 240. 26 
84, 500. 00 

140, 598. 21 
25, 500. 00 
21, 606. 80 
68, 378. 29 
48, 484. 72 
62, 000. 00 
70,003. 14 

, 014, 93 
36, 867. 34 
38, 448. 16 
76, 570. 77 
49, 193. 81 


42’ 448. 48 
125, 692. 66 
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Mileage and expenditures in 1904—Continued. : 
_ ae 
Miles of public Expenditures in money Bonds for road Tota 
roads. and labor. improvement. — pendi , 
FF 
Labor tax. including i 
Sur Cash ex Amount | ] Me oe 
County. Total | gscea | SUF | penditures, | Num- | Value | Issued aon pee 
of all | _ faced P of tax—) in past 
.,| with : by counties | ber of |% from bond| amounts 
pee gray- sae and town- | men eet wane issues in | expended 
cast el. | SODA e Mehinss: e 1 sapyent pore 1904. | from bond 
Oe ay _ issues, 
Dollars. Doliars.| Dollars. | Dollars. | Dollars. — 
PRLEVT os 20 Sas 3 LO iota aes 40 30,820. 0011 45,000 | 15,000 |..20....2 22 eee 45, 820 
Pickaway....-..-. 785 300 42s 9,585. 00 12,4301 7,200 |... .532) sho ee 16,8 
PAO ie cbs aes = 605 160 }.2aee 12,197.32 | 1,440 | 4,320 49, 500 25 2 eee 16,5 
Portage s: 222. . .2% 950 150 4} 35,000.00 } 5,000 {.15,000.//-. -2)--22)ee eee 50, 000 
re plOGreoses ek. © 988 805 5 24,863: 00.) 2,955 | 8,865 |. .22. -.. Jase 33, 728. 
GMAT See yee a §30 100 241 44,657. 45 |@5,000 | 15,000 69,697 | 69,697.00 | 129,354. 
RIC INL INCL Se ree ete 1,000 50 10 51,765.54 | 3,000 | 9, 170,000 | 10,000. 00 70, 765 
Roakee...2. |... a1,000 | 544 16 | 18,894.00 | 8,757 | 11,271 1,.¢2...21 aaa 30, 165.00 
Sandusky........ 871 65. |. 271) 51,127.81] 3,316 | 9,948 |__Jas. ee 61,075. 81 
Biebeetes. locke. 1,000 | 200] 100} 43,820.00 | -4:250 | 12, 750.1... :......) See 56, 570. 00 
Sanpete ts 800 B52 47,700. 00} |7, 500. | 22,500 |. 225... dee 70, 200. 00 
ip ee ee 754} 680 4} 30,165.38] 2,500. |. 7/500 |..ccsc.- eee 37, 665. 38 
Stark oes ss a 950 200 41 100,000.00.) (6,000 | 18,000) |: 22 52) 52 eee 118, 000. 00 
“Dirk Se eae 830 24 16 23,475. 85)| 5,128 | 15,384 |. 22. 22 38, 859. 85 
{Mig buccal] oy Val Bt sete age 825 10 23 30,925.00 | 3,725 | 11,175 | 150,000 |103,000.00 | 145, 100. 00 
Tuscarawas. ..... a 932 95 43 27, 656..08.) 03,747 |-11;241 |).0c5. oe 38, 897. 08 
MLONIseee ete a 800 660 40 35,000: OO aI eases | eee 10, 000 osce eee 355 
Van Wert.......- 836 4! 304} 60,000.00 | 5,800 | 17,400 | 600,000 |........... 77, 400. 00 
PVALINE Oleg ere te aoe ae 645 HES seas). 20 7,316. 00} 2,000 | 6,000 |. 2: 22-25 ACE eee 13,316.00 © 
WAIVOIS. © -2e.,-52 880 517 132 34,363. 01-| 2,486 | 7,458 |... 22... 3) 41,821.01 | 
Washington ....- | a 940 174} 194]. 39, 409..79-4° 4,781 |14, 343. 1. e222 ee 53,752.79 
WE INCee hoe. a 952 3 1 8;200. 00%" <5,000 | 15,000 ||22252 22ers 1 23, 200008 
Williams! 3s). ..: 832 125 9 29,875; 295), 62,379 7,137 le Soe Rae 37,012. 29 
WOO se. ede 28 G15'094 ise. 370 62000. 1Sieree fete die tes sate 562,000 |220,000.00 | 282,006. 18 
Wyandot........ 721| 127| 118| 31,645.00] 1,980| 5,940] 140,000 |.........-- 37, 585. 00 
Ouse tae-ce 69,439 |16,159 | 7,1603'3, 932, 563. 97 |309, 922. |929, 766 |6,205, 407 |843, 753. 64 |5, 706,083.61 





a Estimated in this Office from partial returns. 
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PUBLIC ROADS OF GEORGIA: MILEAGE AND EXPENDITURES IN 


1904.0 
MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 57,203 miles 
of public road in the State of Georgia. Of this mileage, 659 miles 
were surfaced with gravel, 438 miles with stone, 513 miles with sand- 
clay mixtures, and 24 miles with shells, making in all 1,634 miles of 
improved road. It will be seen from these figures that 2.8 per cent 
of the roads has been improved. By comparing the total road mile- 
age with the area of the State, it appears that there was 0.96 of a mile 
of public road per square mile of area. A comparison of mileage 
with population shows that there was 1 mile of road to every 38 inhab- 
itants and 1 mile of improved road to every 1,356 inhabitants. 


SOURCES OF REVENUE. 


All able-bodied male inhabitants between the ages of 16 and 50 
years, unless by law exempt, are required to work on the public roads 
not to exceed fifteen days in any one year. The lessees of peniten- 
tiary convicts are required to pay $1 for each day such convicts 
or the guards of the convicts are required to work upon the roads. 

Under what is known as the ‘‘alternative road system,”’ a citizen 


is not required to work upon the roads more than ten days annually 


and he may be relieved from such work by the payment of 50 cents 
per day for each of the days he is summoned to work. The grand jury 








@ This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been 
published, the collection of these statistics has been difficult. Most of the informa- 
tion has been sent in by voluntary county correspondents appointed by the Depart- 
ment. Every effort has been made to verify all figures given, and in most cases local 
officials having supervision of the public roads or the public-road records have certified 


to the correctness of the figures. Nevertheless errors may have crept in. Many roads 


have never been surveyed or measured, and in some instances careless methods prevail 
in keeping records of the collection and expenditure of road funds. This Office should 
not, therefore, be held responsible for the absolute accuracy of the figures. It is 
believed, however, that, with some exceptions, they can be accepted as fairly correct, 
and that they will form a valuable basis for comparison and for future work of this 
kind.—LoGan WALLER Pace, Director. 
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of the county adopting this system is required to levy a road tax of — 

not to exceed 20 cents on each $100 of taxable property in the county. © 
Chain gangs, consisting of misdemeanor convicts, may also be used 

on the public roads. There are 27 counties in the State using con- 


victs in this way. 3 . 
Mileage and expenditures in 1904. 















































| Mileage of public roads, Expenditures in money and labor. 
Improved roads. Cash tax. Labor tax. 
a l esse 
1 ir Total | ; . | Sur- | Road | _ | Num- Total ex- 
SE | of all | bee a faced | levy— tke | ber of | Valneae penditures 
|public | Vith | with | With| rate Amount | nen | days’ 80.75 per in money 
roads revel Lnlerey sand-| per | expended. subject labor day. and labor. 
(a) (a) | clay $100. to taxi ene | 
| | (a) | (0) * quired. | 
| | Cents., Dollars. | Dollars. Doilars . 
Titi a's «3 GLUE) | Mace C PLease eee 10} 1,858.00 | 1,800 6 8, 100. 00 9, 958. 00. 
Ra keriene s4-¢ CODY Nitec St See eee 88 20 ; 1,000.00 400 D 1,500.00 2,500.00 
Baldwin....... rh © lees as a ee 20 | 11,000.00 | 1,310 10 9,825.00 | 20, 825.00 
Banks sehere a. 350: Wiens Sel cece el Grete se eel lek es 28 eee 1,500 5 5, 625.00 5, 625.00 
acto Wee eee a. | 650 | Fy | eas ae ree 20 | 2,500.00 |} 3,000 6 13, 500. 00 16, 000. CO 
IBeGLTIOn aeseanee! 700 bie WEB aa ey eS Pee sens Ve 28 Wa oop 2, 000 6 9, 000. 00 9, 0C0. 00 
1Bi 0) Oe ee Cae ae AQ see tech a eee os 15 | 30,700.00 (2) J. oo ee 30, 700.00 
Brookshear es.- CAU0R. Cikan ta aso See oer. LOWES) (oo noo ee OOO 4 6, 000. 00 9, 735. 32 
(BVH 2 oO eae Mee C1 USN Se RC eae ge hie Se 2 8 800. 00 900 4 2, 700. 00 3, 500. CO 
Bullochse: es. PR OO Naat. Sa MPR Sse I ere 15 | 5,000.00 | 3,500 10 26, 250. 00 31, 250. CO 
Bt hese ok ahr (06 (ae SE Be Oe 8 oP Se 6,000.00 | 6,000 D 22, 500. 00 28, 500. CO 
Button sete. 28 SODHiC s Seer ee ey Aon eee / 6,000.00 | 1,500 4 4,500. 00 10, 500. CO 
@alnouimeeass --. ry) RS a ais | ecm ee ys) ek | ee fe Re ae ¢ 1,000 10 7, 500. 00 7,500. C0 
Camden.......| ZOOS CREE Shoes ieee 20 | 4,000. 00 850 5 3, 187.50 7, 187.50 
Campbell. .....| SOOM eit al Secon a Soy 20 | 3,450.00 | 1.500 8 9, 000. 00 12, 450. 00 
Carrollesce ses 600, 10 PAG Re epee. 29 | 18,238.88 |} 4,000 6 18,000. 00 36, 238. 88 
Peston +. 2 200 | OO ses ee alee. S 10 | 760.00 500 4 1,500.00 2, 260. 00 
Charltone = - Be OO eee tsk ox pee, Comet at aed an eens 500 12 4,500. 00 t,500. 00 
Chatham. e222. | 200 | 60" a See eee 36, 000. 00 (2) Wes Oe 36, 000. 00 
Pulser ocneda: 6200. }| 2. seach itseeWoiice Fy, ieee se meas Ase fae 900 7 4,725.00 4,725.00 
Chattooga..... pe OU TE (Ce) cule cee alee LO 2, 206.70" (123 ee 4 6, 000. 00 8, 256. 75 
Cherokee... ... Hip 00) oy neue | en gen 10 7,500. 00 2,500 | 6) LL 250506 18, 750. 00 
LATO ee ue a. 150 home pee I ead oat 12 | 11,000.00 | 1,600 8 9, 600. 00 20, 600. 00 
yet | DRO US oa. Anes | Be OR aetna See eek ee ' 1,000 10 7, 500. 00 7,500. 00 
OlViEOMee ce... CLD S comet mee cee 12 | 4,500.00 1,425 4 4, 275. 00 8, 775. 00 
(Va MES a SES 5) PPS eh ey Sige De 5 me Eee epee be Se Poa eee oS 1, 000 7 5d, 250.09 5, 250. 00 
GOD Dees oo. BOOM Beemer || eeeetese | Se eer 17,000.00 | 3,200 5 12, 000. 00 29, 000. 00 
COleer: eos... UU DIE oe oe Ni ie Sr een 2a ta a 9,000.00 | 2,500 4 7,500. 00 16, 500. 00 
COLO ere eee HO) (). Osan ito) een A Sere S| eee 8 £20,000.00 | ¢ 2,500 10 18,750. 00 38, 750. 00 
Colum pigs... |) 9 8505) 70 ene EE 20 | 3,500.00 1, 200 10 9, 009. 00 12, 500. 00 
COWOtHs oa. 4 CoO a. eee Neeebedle viel 10 | 4,000.00 | 3,000 6 13, 500. 00 17, 500. 00 
Srawiord--..~ Lee ee WA ee ren ee ee aa ee.” 1,600 6 7, 200.00 7, 200. 00 
DENG ae love Pt pb a NA iene ce 125) 1,900.00 250 4 750. 00 2,650.09 
IDawSOMo. 2. 2-- | 9295 pee eee beeen beeeren Cerro neers 800 9 5, 400. 00 5, 400. 00 
Decale oes at O10 hee Mets Cet ee nes) ela ie Rs arty ae ites wn ¢5, 000 10 37, 500.00 37, 500. 00 
Dekalb. .......| 320 | 130 Goi tages 20 | 11,400.00 | 2, 660 5 9,975.00 | 21,375.00 
Dodge...... ES a es ih pele eee ek OO 20 | 6,000.00 | 2,000 6 9,000.00 | 15,000.00 
IDG R ig eee (pil RSL 0 se ea, NG ee ae 15 2,400.00 | ¢3,000 10 22, 500. 00 24, 900. 00 
Dougherty 22s) 30045222" ." ene ec ae ae eee | ee 4,500.00 | 1,500 8 9, 000. 00 13,500.00 ~ 
Douglas.......! 150 Siren eee |--eecee|eeeeeefecee eee ete te Ws Rc ¢ 1,200 6 5, 400. 00 5, 400. 00 
ett Ey = ave | A) | ere | eee Mec cca ee 1,000.00 | 3,000 5 mr 12, eae 
wehOls... ......| rh to a (eee | RY Cols Been Wat a Mi Pe, had me 600 2 é 900. 
Effingham ..... ak 250 44. Ss lag daphrct see E lean eee 2,400.00 | 1,200 5 4,500.00 6, 900. 00 
SHI ove eo a 600 Bide ae eu gem csets 20 | 11,200.00 2, 640 6 11, 880. 00 23, 080. 00 
Expaauels<s204) 1100-162. 264 peter e eee 20 | 12,000.00 |} 3,500 6 15,750. 00 27, 750. 00 
wavai iM. 4 eee SNR yee eae Ned epee alli isa 2 See Peel 200 10 9,000. 0 9, 000. 00 
Fayette. :.....%| 965 ee ii ae eee 193 5,000.00 | 1,800 7 9,450.00 | 14, 450.00 
loys jn352- <5 ool 16 | SB hed gel Beh ona 17,500.00 | 3,000 6 13, 500. 00 31,000. 00 
ROreytil so... 2s DPGEy GS ae aoe ib ei gl ee ed ek 2 UN Ae ere 5 Syn 1,200 6 5, 400. 00 5, 400. 00 
Franklin....... BOO eS ee i eas 10 | 5,001.00 | 3,200 5 12,000. 00 17,001.00 | 
BUtone so: 2 HO) eee 21 Oem 20 154,403.58 | 2,600 5 9,750.00 | 164,153. 58 
TIME ses 2. NTO oy ie a vere pee mbes eae 5 ee Rte he thie 2,000 5 7, 500. 00 7,500.00 - 























a Where figures are not given in these columns, no improved roads have been reported. ) ae 
6 Where no information is given in this column, no levy has been reported. If cash expenditure is 
shown where no levy is given, moneys were received from labor tax paid in cash, or were appropriated 


from general funds. 


¢ Estima ed in this Office from partial returns. 
@d Convict labor used exclusively in this county; the labor tax is therefore paid in cash and included 
under the head of cash tax. 
é This county reports 300 miles of gravel roads, but these are apparently natural ana not improved 


roads. 


/ Expended on bridges. 
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Mileage and expenditures in 1904—Continued. 





Mileage of public roads. 















































Expenditures in money and labor. 























Improved roads. Cash tax. Labor tax. 
Total 
County. Sea) Sar Sox: Sur- Road Num- vont ee eee 

public} faced | faced ace levy—| amount | bet of days’| Value at a money 

roads.| with | with | Wit Tate expended men |labor| %0.75 per d lab : 

gravel.| stone. |S20d-| per "| subject day. Soe med 

‘lclay. | $100. to taxes 
quired. 
Cents.| Dollars. | 

Glascock....... oY Uc Cd See ian ed eae! 20 | 3,000. 00 800 4 | F400, 80 mae 
LAMA. = er "Ss UU eae Sabai Keele, Nee ee co. Mager 5, 000. 00 350 6 1,575.00 6, 575. 00 
Gordon.......- TTY noe ae Rm Me is 15 | 2,174.00} 1,500 4|  4°500.00| 6,674.00 
Greene......... Ue cee ere | See 20 | 5,648.05 | 1,957 6 8,806.50 | > 14,454.55 
Gwinnett ...... Bite foes vac lacs sehe eee ¢ 5,000.00 | @3, 500 3| 7,875.00 | 12,875.00 
Habersham. Ce Nees oak Pee oe 20 300. 00 900 {i 4,725. 00 5, 025. 00 
i ae eS See Cees Gear 12 | 11,150.00 | 3,875 5 14, 531. 25 25,681. 25 
Hancock...._.- “Ly (a Ben es aia 6,000.00 | 27000 10 | 15,000.00 21000. 00 
Haralson Be ccc COANE be 2 el eee rane 20 | 5,000.00 | 1,700 4 5, 100. 00 10, 100. 00 
Harris......... DOOM eh hls cule oe 5,000.00 | 2,550 5 9,562.50} 14,562. 50 
8 ee BOO rire (=< 2 ea s.wis ws 20 | 8,000.00 | 2,500 5 9,375.00 | 17,375.00 
ae AU Ls ox ase ee 8 ee ar anaes (ere ae Wi 10 | 15,000.00 | 15,000. 60 
on Soc WOOO Ries eee calc. ae 20 | 10,000.00 | 2,000 6 9,000. 00 19, 000. 00 
Houston....... Eicon eae 20 | 7,500.00 | 3,600 5 | 13,500.00} 21,000.00 
a) ae BE nieeter Geese ee a2,000| «a6 9,000. 00 9,000. 00 
Jackson....... Pyrenees 20 | 8,141.94 4,000 4} 12/000.00 20,141.94 
ASVET oo. = Sell |e 2c eee ee eee eee 20 | 7,652.00 | 2,666 a6 9,997. 50 17, 649. 50 
Jefferson....... TWO eee ae ieee ee 150 LOM LOS 521502 We 25600 8 15, 900. 00 26, 421. 02 
Johnson.. PAB ON cs te reac ene es eee a 10 | 12,000. 00 (Die eee ee eee 12,000. 00 
aes >... dee ts Poe 12.) 290 | 6,000.00 | -2, 300 5 8,250.00 | 13,250.60 
Laurens....... LAV CESS ee ae 20 | 19,096.00 | 4, 440 7 | 23,310.00 | 42, 406. 00 
2... 15% de Gael ee Dee 120 20 | 7,000.00-| 900 5 3,375.00 | 10,375.00 
Liberty........ BODHI se heh lee rl soy) ce 1,774. 34 | 1,200 8 7,200. 00 8,974. 34 
PamecOlMs... 2: ASUS ig Sa Sh ee See 5 4, 560. 00 1,200 6 5, 400. 00 9, 960. 00 
Lowndes...... Ziel 3 sop tae aes as ie era "Ral lee eae 2,000 8} 12,000.00 12,000.09 
Lumpkin...... el) alee ee ees ieee onan | fee ce 10 500. 00 1,350 9 9,112. 50 9,612. 50 
McDuffie....... SUO Bess ete ie 2. 40 20 3, 000. 00 1, 400 10 10, 500. 00 13, 500. 00 
McIntosh... ...- GONG |e SAE eae ce eee 20 2,083. 64 285 6 1,282. 50 3, 366. 14 
WACOMEL 5... - AV) | 2 Sees aes Se ae 20 | 2,250:00 | 1,625 3 3, 656, 25 5, 906. 25 
Madison....... CURL, Gi Re eee 1,500. 00 500 5 1,875. 00 3,375. 00 
Martone... .2.. OU eae Ie eer Re Ace ey eS coe B. eee ier L200 a7 6, 300. 00 6, 300. 00 
Meriwether. GAGA || we oe Sle ne | ee | ee A eens |@ 3,227 a6 14, 521. 50 14, 521. 50 
ere... BRUNO Ee Scie es e vbe i ly n o  ae 1,360 iD 5, 100. 00 5, 100. 00 
lols io CAVA eae ee ees eee 17 2,730. 00 1,250 4 3,750. 00 6, 480. 00 
Mitchell....... 1 OLO4| dis, Aiea all aa SS leer. 6, 000. 00 3, 000 10 22,500.00 | 28,500. 00 
Monroe........- COUR Ee e Ale eee oe ae. 20 | 10,000. 00 (GO) Rak OFS ee ee cee 10, 000. 00 
SE es} O00 fo. 2 lo. ot =|. feces = 2s 8,000.00 | 2,050 6 9, 225. 00 17, 225. 00 
Morgan........ TT TOy Sn ee ee 20 | 15,000.00 | 3,000 4 9,000.00 | 24,000. 00 
IMUITT SAY .22- =. - SSA) |S Ss 5 a 2 gt te a 8) eae 1,968. 10 1,270 4 3,810. 00 5,778. 10 
Muscogee. ...-. 200 42 (i ects ete lta eee 16, 584. 00 1, 622 4 4,866. 00 21, 450. 00 
Newton........ 250 15 | aL QU eseeere: 20 5,000.00 | 2,500 6 11,250. 00 16, 250. 00 
Oconee.......- <a eee PRE Ne ate tee.) SA che jas a1,020| a7 5, 355. 00 5, 355. 00 
Oglethorpe . 712 (1h) Pee RA ae Sa 20 | 12,000. 00 3,000 8 18,000. 00 30, 000. 00 
Paulding......| SREP i Bn Es | RS en |e eae 2, 400 5 9,000. 00 9, 000. 06 
Pickens........ ORAS UY || A ae ee re A (ae 10 | 6,000. 00 1,800 10 13, 500. 00 19, 500. 00 
PTOTCO evens, ei <u BOOMie wee ead aes tee ee 6S oes cl ee cae x lier ater te os 1,500 7 7,875. 00 7,875. 00 
oa TCE nee AO led Cia aerate ie nN aka 3,000 5 | 11,250.00} 11,250.00 
Lil: 450 Cs Se eae 20 | 16,000.00 | 2,500 10 18,750. 00 34,750. 00 
oo aan GGA D DEN S Satie ote NaI as ae Sie | ha a ee 12, 000. 00 1,200 4 3, 600. 00 15, 600. 00 
tam 2s .- =... AOD Ree svelte. tt 8 oe 20 8,200.00 | 2,100 8 12, 600. 00 20, 800. 00 
OUbMan. -... . DWE): | ee a ah ee lS Oe A te Se eee ae oe 750 5 2,812. 50 2,812. 50 
CCUM aos t.. 2 RUN) ie ee ees Se El oe Se 2 eee eee ge oes 850 63 4,143. 75 4,143.75 
Randolph.....) VS i, Rese a ele peal En we 15 | 10,000. 00 2,300 10 17,250. 00 27, 250. 60 
Richmond..... 500 (O00 dace 195 AY 39 B01, 24 ie COL 1 en. eect bes sate owe 32, 391. 24 
Rockdale...... ih R | 2 St SAN ye et el 20 4,000. 00 800 6 3, 600. 00 7, 600. 00 
Sle a TAU Ones oe 2 8 te ed eee lo ae eee eae eee eee 425 3 956. 25 956. 25 
Screven........ 600 ho. peed Rea 20 | 7,317.82 | 3,750 5| 14,062.50 | 21,380.32 
Spalging... -~.- (CN A 5-2 ae, ll aie eae (eae (ml (= eee 2, 250. 00 COP ba eace Grenep eanon- 2; 250. 00 
etewart....... Loe aces Saeese| Ae 10 7, 000. 00 1, 740 10 13, 050. 00 20, 050. 00 
oS a a a 10 | 13,803.65 | 2,823 10 21, 172. 50 34,976. 15 
eaOt..... . - = AU oe Ch ee | el 10 1,129.00 1, 419 4 4, 257. 00 5, 386. 00 
Taliaferro..... mn eee Pn eek eee | ee [ree collec elec ea ooo 1, 200 8 7, 200. 00 7, 200. 00 
UGTA 5 ac. 2 1,000 Ae | Peta Bn re 10 | 15,000.00 3, 500 6 15, 750. 00 30, 750. 00 
a Se ee eee clove cole aaeuela sucesso ces 1,500 5 5, 625. 00 5, 625. 00 


a Estimated in this Office from partial returns. 


b Includes 20 miles of roads surfaced with shells, 10 miles of which ar 
¢ This amount was derived from dispensary profits. 
d Convict labor used exclusively in this county; the lab 


under the head of cash tax. 
¢ Includes 4 miles of shell road. 
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Mileage and expenditures in 1904—Continued. 
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Mileage of public roads. Expenditures in money and labor. 
_ Improved roads. Cash tax. Labor tax. 
| | | 
. , Total Num- Total ex- 
a: of all | Sur- | Sur- apes fo ad iat ber Of voile at penditures 
public} faced | faced |Stth| rye | Amount | “on | days’! 0.75 per | i money 
roads.| with | with expended. : labor | *-4P and labor. 
igravel.| stone. sand-| per subjéct re day. 
clay. | $100. to tax. quired. 
| | | } 
| ) Cents.| Dollars. | Dollars. Dollars. 
PeliAiros 2.2.5 Coy Ce Eee ln Ren angen 20 | 3,000.00 | 1,400 6) 6, 300. 00 9, 300. 00 
errellze es. Rao U We erase 4 elles hs aS Ses Og ote 12, 000. 00 (0)}o er hee ee 12,000. 
Thomas... 1.22 800 | Te aes ed RA ian oye | 4, 3, 600 5 13, 500. 00 18, 300. 
TOWNS 222-2 2: PA A nr am Re gas 3 eI lied ey doe ap bal Up 600 7 3, 150. 00 3, 150. 
PPoUD eke G00 12 Pte. eR ee es 2,739.00 | 1,400 4 4, 200. 00 6, 939. 
Twiggs....-.-- 450 1 oie. |. Svere Pee es eee parte eeueet a 1,500 a7 7, 875.00 7, 875. 
Uniows es0.22 ss 7 ANG [eee tees ear tae ee File 10; 1,500.00 900 6 4,050. 00 5, 550. 
psOtiee: = os 51 Se eee aA 8 OM li (sae 560 if 2, 940. 00 2,940. 
Walker........ Ee Ps ae aie Paee. 10 | 2,000.00 | 2,500 4 7, 500. 00 9, 500. 
Weeitomes., 5 cs tt) Peo Serre | apa | 20 | 12,000.00 | 3,000 3 6, 750. 00 18, 750. 
Were sveusrsscs 74 UN REP eg ae (eae eg LPune 20 | 47,000.00 | 1,500 10 11, 250. 00 18, 250. 
Warren 2.253 LS RAR AN Spans nee tae Leper nual Lh aok Sedan 1, 700 7 8,925.00 8, 925. 
Washington...| 850 Ue eas SE, Bei tas 8 | 11, 405.00 by AT -aees | eee 11, 405. 
NVA. 20 Sisne ae oe OOO Ws cies eee Cee. 10 | 3,204.00 | 21,500 10 11, 250. 00 14, 454. 
Webster. ...... CEA WET ere ioe Tae Se Eres (Re et Soe, ee [ae or ae 1, 200 6 5, 400. 00 5, 400. 
WOT so tan otf G0 vias gee os WE Ok Eee: isco Pa eee 750 5 2, 812. 50 2, 812. 
Whitfield ...... 500} 50 | Sigs. 22 | 201 7,000.00 | 1,500 4 4,500.00} 11,500. 
WH UCOI Scents BO oc ase Peis Soke hah ato ner | 1,500.00 | 2,500 8 15, 000. 00 16, 500. 
Wilkes. ........ 200 he ccek br Tbs ee ei | 20 | 9,560.00 | 3,600 8 21, 600. 00 31, 160. 
Wilkinson... ... Aeros Boek ates hae seal ow dee 12; 1,500.00 | 1, 6 8, 100. 00 9, 600. 
Worth eee 0 NL ER ees RE Jeeeeneleetenscl emcee ses 3, 000 3 6, 750. 00 6, 750. 
Total. <657/203, 659 | “438,) .513-| 2 894, 936. 38 1252/2401) aan 1, 185,936.00 |2, 080, 872. 
{ | { | | | 








« Estimated in this Office from partial returns. 
5 Convict labor used exclusively in this county; the labor tax is therefore paid in cash and included 
under the head of cash tax. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the cash tax and expended on roads was 
$894 936.33 in 1904, and the estimated cash value of the labor tax 
was $1,185,936, making a total expenditure of $2,080,872.33. It will 
be seen from the table that the cash value of the labor tax in each 
county is the product obtained by multiplying the number of men 
drafted for road service by the number of days each man is required 
to work, and this product by $0.75, which is about the average wages 
paid for road work in this State. By comparing the total expendi- 
ture with the total mileage of public road and with the population of 
the State, it is found that the funds collected and expended for road 
purposes, including the estimated cash value of the labor tax 
amounted to $36.37 per mile of public road or $0.93 per inhabitant. 

Maurice QO. ELpRIDGE, ~ 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., February 20, 1907. 
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[Issued March 23, 1907.] 


United States Department of, Agriculture, 


OFFICE OF PUBLICAROARS. Ulloa No. 77. 
LOGASY WALLER PAGE, » Pinector. 
ISSISHIEE Ese a’ EXPENDITURES 


MILEAGE OF yy WM. 


The accompanying table shows that in 1904 there were 38,698 
miles of public road in the State of Mississippi. Of this mileage, 109 
miles were surfaced with gravel and 40 miles with shells, Taio in 
all 149 miles of improved road. It will be seen from these felines that 
only 0.38 of 1 per cent of the roads has been improved. By comparing 
the total road mileage with the area of the State, it appears that there 
was 0.83 of a mile of public road per square mile of area. A com- 
parison of mileage with population shows that there was 1 mile of road 
to every 40 inhabitants and 1 mile of improved road to every 10,411 
inhabitants. 





PUBLIC ROADS OF 





SOURCES OF REVENUE. 


All male persons over 18 and under 50 years of age, unless by law 
exempt, are required to work on the public roads not to exceed ten 
days each year, except in case of emergency, when they may be 
required to work a longer time. In lieu of this labor each person 
may pay $5 to the road overseer before being warned to work, or after 
being warned and before default $6, or he may pay $1 for any day’s 
labor, provided the same is paid before default. In working out the 
labor tax, one day’s work with 2-horse plow and team, with driver, 
is considered equivalent to three days’ labor, and one day’s work with 
wagon and team of four horses and driver is considered equivalent to 
ten days’ labor. In counties where roads are worked by contract all 








a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult. Most of the information has 
been sent in by voluntary county correspondents appointed by the Department. 
Every effort has been made to verify all figures given,,and in most cases local officials 
having supervision of the public roads or the public-road records have certified to 
the correctness of the figures. Nevertheless, errors may have crept in. Many roads 
have never been surveyed or measured, and in some instances careless methods prevail 
in keeping records of the collection and expenditure of road funds. This Office should 
not, therefore, be held responsible for the absolute accuracy of the figures. It is 
believed, however, that, with some exceptions, they can be accepted as fairly correct, 
and that they will form a valuable basis for comparison and for future work of this 
kind.—Logan WALLER Pace, Director. 
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persons required to perform road duty may work under the contractor 
or pay him $3 in lieu of the work. 

If the labor and commutation money are found insufficient for work- 
ing the roads, the board of supervisors may levy a tax upon all taxable 
property in the county of not to exceed 1 mill on the dollar in any 
one year. In addition to other road taxes, the board of supervisors 
may also levy a tax for the purpose of constructing or maintaining 
shell, gravel, or macadamized roads, this tax to be assessed against 
property adjacent to the roads improved or to be improved, provided 
the value of such property is materially enhanced by such construc- 
tion or maintenance. 

Counties may issue twenty-five year bonds for building roads and 
bridges to an amount which added to all other bonded indebtedness 
shall not exceed 5 per cent of the total assessed value of property as 
shown by the assessment rolls of the preceding year. Special taxes 
may be levied for the purpose of paying the interest and principal 
on bonds. 

The counties are authorized to employ convicts in the improvement 
of public roads, provided their use in this way does not interfere with 
the management of the State farm nor put the State to any expense. 
There are 12 counties in the State which report the use of convict 
labor on public roads. 


EXPENDITURES IN MONEY AND LABOR. 


.The amount derived from the property tax and the labor tax paid 
in money and expended on roads and _ bridges was $339,669.45 in 1904 
and the estimated cash value of the labor tax was $1,335,816, making 
in all $1,675,485.45. 

It will be seen trom the table that there are 26 counties in the State 
which have adopted the contract system and in which the labor tax 
is commuted at the rate of $3 per capita. In all other counties the 
cash value of the labor tax is obtained by multiplying the number of 
men drafted for road service by the number of days each man is 
required to work per annum, and this product by the average wages 
paid for road work, which varies from 50 cents to $1 per day. 

By comparing the total expenditure with the total mileage of pub- 
lic road and with the population of the State, itis found that the funds 
collected and expended for road purposes, including the estimated 
cash value of the labor tax, amounted to $43.29 per mile of public 


road, or $1.08 per inhabitant. 
Maurice O. ELDRIDGE, 


Chief of Records. 
Approved: | 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., March 1, 1907. 
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Mileage and expenditures in 1904. 



























































a Where figures are not given in this column, no mileage has been reported. 


b Where no levy is shown in this column, none has been reported. 
e Where no expenditures are shown, none have been reported. 
and no levy is given, the moneys were appropriated out of the g 


paid in cash. 


d Contract system in operation in this county; 


ée Expended from bond issue. 
ft Estimated in this Office. 
9 Includes 20 miles of shell road. 
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Mileage of ixpenditures in money and labor. 
ublic roads. a. 7 = 
7 P Cash tax. Labor tax. 
County. | | Days' | Aver- Total 
: | Am Ion ad vei RR ‘ 
eae Chae oe | Eee Men | labor | age Cas! pada 
"publi aced | levY— | for roads |subject| _ Te , | Wa8's | y, ee OU em 
public | with |rate per we oh be quired paid for| V@lue of | money and 
Toads. gravel.a| $100.0 | ) Goes. c ‘| “per | road ue labor. 
= annum.) work. 
Cents Dollars. Dollars.| Dollars Dollurs 
2 aa 500} 1 2222002)" £85000/00'| 2730 | 10) Soo] 297860 | 38°360.00 
anal Pee a E i0 ayes 2,736 10 1.00 27, 360 35, 360. 00 
een So ak a POS weet eM () 10,281 | 16, 236.78 
ee epee 2,935.55 | 3,705 | (@) (d) 11,115 14, 050. 55 
Bolivar...--...... it al eee a bias Paden Gan 1,200] (@) | (4) 3, 600 3, 600. 00 
Bie ..| fool 8 | e50 | 10} 1.00} 16°500 | 16,500.00 
Carroll... ae 661 On 10 3,242.25 | 3,600| (@) (d) 10,800} 14,042.25 
a. ht 6,000.00 | 2,100} (4) (d) 6,300 | 12,300.00 
oS aa Pa Fen oe 2, 480 10 1.00 24, 800 24, 800. 00 
ee oa yee ame 250.00 | 2,500} (4) (4) 7,500 7,750.00 
emer * + = oct TE Seed erat aa 1, 500 10 90 7, 500 7,500.00 
ee ee me 5,600.00 | 2,500} (4) (d) 7,500 | 13, 100.00 
i ae he oleae aa 13,371.24 | 7,450 | (4) (4) 22, 350°) 35, 72124 
inet on + Sago on a 19, 395. 13 3, 000 (d) (d) 9,000 28, 395.13 
oe ll ee : 500.00 | 2,500 10 1.00 25, 000 25, 500.00 
Franklin.......... reg ea ay Dac oe 000) aa) (4) 12,000 | 32,000.00 
2 haha Suns eae 1 9,000.00 | 2,516 8 .75 | 15,096 | 24,096.00 
Grenada.......... Riedie, (chet ale oo ees 1,000 10 75 7, 500 7, 500. 00 
Sencick FE dy ek Ld ee Us Be 1, 800 10 1.00 18, 000 18, 000. 00 
Harrison.......... Bria sad? © 810. 1,000.00 | 1,800 10 1.00 18, 000 19, 000. 00 
a q See 10 | 6,000.00 | 1,500 5| 1.00 7,500 | 13,500.00 
ae teed os Sia Ga. 6, 000 10 1.00 60, 000 60, 900. 00 
ee Bh 22.4.6 See an |neeeeee- 10 9,846.00 | 3,218 (d) (d) 9, 654 19, 500. 00 
Ita saadrie Ses ea ee 1,000 10 1.00 10, 000 10, 000. 00 
ac 350 ree as eller wie waileiein eee dle = 1, 800 10 1.00 18, 000 18,000. 00 
ES ane an ZoScscetl toe anes Eee eee 1,000 10 1.00 10, 000 10, 000. 00 
: ep MEME ease: (S isis = au bea eaaeaaee 1, 000. 00 1, 600 10 215 12,000 13,000.00 
a CES OU oc cp<.- + << Os enc Atdl hae ae te See 3, 760 4 1.00 15,040 15, 040. 00 
Boge 26 see eee Ua eae eae 10 10, 403. 09 1, 800 10 1.00 18, 000 28, 403. 09 
an ole RARE co Sia) > LOU ATs Seen. 10 9, 000. 00 3,200 8 1.00 26, 024 35, 024. 00 
a ee 2 Cena PROMS ek semi SIS Alla cope et ee ene cnet 3, 500 10 1.00 35, 000 35, 000. 00 
oe este (2 (ee SOOM eaters 10 12, 000. 00 3, 500 (d) (a) 10, 500 22, 500. 00 
ed Be oe a. 2. = ORs eee |e eee cena ena oe ots sre 2, 500 10 1.00 25, 000 25, 000. 00 
ORGS 26) oe (UO 2 a 5 ets, 2, [RRNA Reece a ae 3, 000 10 5 GHB) 22, 500 22,500. 00 
pa 500 LOR eee 4,000. 00 3,000 10 mow 15, 000 19, 000. 00 
. Sta Mee i= = SOU MPs ees 10 5, 120. 61 5, 000 (d) (d) 15, 000 20, 120. 61 
eee oon egeneee ADO esters oe 10 12,000. 00 3, 000 (ad) (d) 9,000 21,000.00 
Gea. =--<--- 275 35 30 2,975.00 | £3,000 10 79 22, 500 25, 475.00 
Madison esc oie OOO axes ts 5 2, 850. 00 5, 000 10 10 37, 500 40, 350. 00 
mario)... .... B00 ee 10 | 7,473.00 | 3,165} (4) (d) 9,495 | 16,968.00 
MPareiialicn 5.02. ... 0 Pee bela A eee 5,386.97 | 3,329 (d) (qd) 9,987 15, 373. 97 
MpurOeS- =... .5---- .00., |e ee eee eee 5, 500 (d) (d) 16, 500 16, 500. 00 
Montgomery...... SUB ce Ee ey he tea al eee f 2,500 1.00 15,000 15, 000. 00 
Meshoba.........- FOO dee TOs} peel 235505 12 S101 Ca) (d) 6,930 8, 165.98 
GK RO oa Pe ig eeeetretiea, <ilbe ee acyermiers lots pre ote = crea 3,000 10 1.00 30, 000 30, 000. 00 
Noxubee eae tes ODOM ene s Menor ec clecs tee ne ose 4,000 10 . 00 20, 000 20, 000. 00 
Oktipbeha........ AOL) Siena ears levers are ea ea ye eee 3, 000 10 . 50 15, 000 15, 000. 00 
ee ROD ee epee es cfeaee tee 7 3, 000 10 .75 22, 500 22, 500. 00 
ReaTriwRiver.: ...-.. BAR EINER a eee 10 4,787.00 720 10 1.00 7,200 11,987.00 
“Ul FU ON ae age 7 600.00 | 2,000 10 ay) 10, 000 10, 600. 00 
PNKO... < Spee SAO) | orcas eee 10 11, 595. 80 4,000 (a) (d) 12,000 23, 595. 80 
Pontotoc ae GOs eter eet 10 1, 500. 00 1, 500 10 1.00 15, 000 16, 500. 00 
Prentiss Mente, 2s ADO | meee see 10 3, 000. 00 2,000 10 1.00 20, 000 23, 000. 00 
Quitman.......... BUOY | eee ese Os eet eer as eae 3, 000 10 1.00 30, 000 30, 000. 00 
nO si DOOR er cate | Paice See eee 2,100 10 . 50 10, 590 10, 500. 00 
SO 2 G0) ail 22 = ca Sept OSes el (SP nee ae me 1,200 10 1.00 12, 000 12,000. 00 
Sharkey scr 3 See 75-3 Oe ee Ae aay ae ee 2,000 10 1.00 20, 000 20, 000. 00 
Pimipeon.......... She eeeeeee seer Does et ee 2,000 10 1.00 20, 000 20, 000. 00 
RARE isan. a CME cee ete - 2 <|eaee eta - 8 1, 500 10 1.00 15, 000 15, 000. 00 
SHMIOWeL....---.- OOO eS ee oe 10 16,000.00 | 3,500 (d) (d) 10, 500 26, 500. 00 
Tallahatchie...... COO me. e alge ny | = a ane ers 4,000 1.00 32, 000 32, 000. 00 
Ee tetelat = acs 2 =< AQQ Ea otc 10 14,000.00 | 3,000 (d) (d) 9, 000 23, 000. 00 
MNEOE ers. oc avs = = GOO BM sees | 10 TeS50, 2b 2520 4 1.00 9, 300 11, 159. 25 
ASHoOmMINngO......- 222 Pd its Lie? Sl ee ee ee 1, 500 10 1.00 15, 000 15, 000. 00 


Where cash expenditures are shown 
eneral fund or received from labor tax 


labor tax is therefore commuted at $3 per capita. 


County. 
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Mileage and expenditures in 1904—Conti 


Age 


Expenditures in money and labor. 

















Mileage of 
public roads. Cash tax. 
Total | Sur- | Road Ra Wan 
of all | faced | levy—| for roads | subject 
public | with jrate per and Cotas 
roads. | gravel.| $100 bridges. : 
Cents Dollars. 
22D eae eee ak 3, 458 
O62 Ae eee oe coe 1,720.00 1,970 
800 Bi ie PaaS 27,047.99 | 4,160 
DOOR Serr chte. eye: ees 17,500.00 | 10,000 
ADO Wiihae Ue cal eee ON ee i ee eee 1,000 
IO Dal Reet Wl Se ets 2,000.00 | 1,000 
Sh Tete eae 10 2,500.00 | > 3,500 
G7 sie shee 10 | 10,000.00 | 2,000 
AQ pssst tere 10 500.00 | 3,000 
975 20 19 | 19,250.00 | 4,750 
38, 698 LOGM Sees cece 339, 669. 45 |216, 882 








aContract system in operation in, this county; labor tax is therefore commuted at $3 per capita. 


b Estimated in this Office. 
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Labor tax. | a 
Total 
Days’| Aver- Boe 
cols roc wee : ures in | 
quired |paid for} "=U6°% | oe 
per road a labor. 
annum.| work. 
Dollars.| Dollars. 
(2) (2) 10, 374 
8] 1.00] 15,760 
10 1.00 41, 600 
10 1.00! 100,000 , 
10 a 7,500 
10 - 50 5, 000 
(a) (a) 10, 500 
(7) (2) 6, 000 
.75 | 18,000 
bt (2) 14, 250 
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OY PPPS Issued April 3, 1907. 
United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS—Circular No. 78. 


LOGAN WALLER PAGE, Director. 





PUBLIC ROADS OF WEST VIRGINIA: MILEAGE AND EXPENDITURES 
IN 1904.4 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 26,178 miles 
of public road in the State of West Virginia. Of this mileage, 264 
miles were surfaced with gravel, 217 miles with stone, and 11 miles 
with brick, making in all 2544 miles of improved road. It will be 
seen from these figures that ninety-seven hundredths of 1 per cent 
of the roads has been improved. By comparing the total road mile- 
age with the area of the State, it appears that there were 1.06 miles 
of public road per square mile of area. A comparison of mileage with 
population shows that there was 1 mile of road to every 36 inhabi- 


tants and 1 mile of improved road to every 3,767 inhabitants. 


SOURCES OF REVENUE, 


Every able-bodied male person over 21 and under 50 years of age, 
unless by law exempt, is required to perform at least two and not to 
exceed four days’ labor upon the public roads each year. In lieu of 
such labor such person may pay not less than 75 cents nor more than 
$1.25 for each day that he is required to work, the rate to be fixed 
by the county court. 





a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult. Most of the information has 
been sent in by voluntary county correspondents appointed by the Department. 
Every effort has been made to verify all figures given, and in most cases local officials 
having supervision of the public roads or the public-road records have certified to the 
correctness of the figures. Nevertheless, errors may have crept in. Many roads have 
never been surveyed or measured, and in some instances careless methods prevail in 
keeping records of the collection and expenditure of road funds. This Office should 
not, therefore, be held responsible for the absolute accuracy of the figures. It is 
believed, however, that, with some exceptions, they can be accepted as fairly correct, 
and that they will form a valuable basis for comparison and for future work of this 
kind.— LoGan WALLER PaGeE, Dvrector. 
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When the labor tax is found insufficient to construct and keep the 
roads and bridges in good repair, the county court is authorized to 
levy such taxes on real and personal property as may be necessary for 
this purpose. The limit of taxation for road purposes is not fixed by 
statute, but, with certain exceptions, the aggregate assessment for all 
county purposes is limited to 95 cents on each $100 valuation. The 
road tax may vary in each magisterial district of the county, depend- 
ing upon the requirements of each district. This tax may also be 
worked out at the rate of not less than 75 cents nor more than $1.25 
per day, but the county court may direct that not to exceed one-third 
of the amount levied shall be collected in money. 

Under the alternate system, every male inhabitant over 21 and 
under 50 years cf age is required to pay a road tax of $1 per capita. 
Wherever this system is adopted the county court is also authorized 
to assess such additional taxes on property in the various districts as 
may be necessary for road purposes. This levy must not exceed 50 
cents on each $100 valuation. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property and capitation road taxes 
and expended on roads and bridges was $587,870.28 in 1904, and the 
estimated cash value of the labor tax was $305,415, making in all 
$893,285.28. It will be seen from the table that the capitation road 
tax has been included under the head of cash tax and that the cash 
value of the labor tax in each county is the product obtained by mul- 
tiplying the number of men drafted for road service by the number 
of days each man is required to work per annum and this product by 
the average commutation rate, which varies from 75 cents to $1.25. 
By comparing the total expenditure with the total mileage of public 
road and with the population of the State, it is found that the funds 
collected and expended for road purposes, including the estimated 
cash value of the labor tax, amounted to $34.12 per mile of public road, 
or 93 cents per inhabitant. 

Maurice O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D.C., March 19, 1907. 


. (Cir. 78] 





: 


a" ee are es | 2. 


4 


ee es ee ee ee 


3 


Mileage and expenditures in 1904. 








































































Miles of public roads. Expenditures in money and labor. 
Cash tax. Labor tax. - 
Total Sur- Sur- A | Seber 
faced Road | “mount | Num- Com- expendi- 
os oe with Sateen levy— expended oe Days’ | muta- ‘re in 
Po grav- fal 4| Tate from prop-| yen | labor | tion | Value | money 
-| “ei.a_ |Stone. oe erty and subject re- rate | of tax.c} and la- 
$100.5 | Cpitation ira tax, jauized.c Ait bor. 
; Dollars. Dolls. | Dollars.| Dollars 
SeBarbour......... TU Rents Breet Daca ie gasp aati He ‘| 7,335.02 
Berkeley a. 513 bee ran ee ET pa oy eek eel Ae Ria 8,347.68 
Rees) | (280 |... :.|-......|.-..... 2,00 ,400| 4{ 1.25| 7,000 000. 
Sta xbOls......:< CUO R Meeee lees. 10 609 50 ; 415 j i f we ie Pree 
Brooke........... 130 2| 21°} 25] 11,500.00] —’ soo 2}! 1.251} 2/000 | 13,500. 
Se ae VG ee eee P51 165). Cae. 8 Re. ” pa eneaatty a0 90 
ae 600 |... 2--) sees) iz] 745.86 | | 1,329 3) 1.00) 3,987") 9,732.86 
andes... Bee OL ag 9° o50.00 bak 2 lve hee ee eee 
Fayette.......... TUS (tee ae eal BB. ETT, BOR OB Wen. 2 5 boec so. [one [ey eee lear ate 
oa Beec------- sus sie ehipriel|= > ah 3 = an Bs Rae ae = ru 4; 1.00 8,108 | 13, 658. 66 
Meee. 1,000... 2|.......| 15} so'stee1 |e1,000| | ios| S000 |avnmes 
Hampshire... ._. #600:|.. 00... eaeeead Ls airny (2196-060 wie | oe otamos 
pisces meee. 100 CaN eee. “ 8, 500. 00 1,500 | 2| 1.25 | 3,750 | 12,250.00 
Mees) 500 |e. ios 985. € £00 4| .75| 23460 | 6,385.00 
| Harrison........ 7300 fev seeders 26,000.00 | 5,000 2| 1.25 | 12,500 | 38,500.00 
an Bt | oe | wisreis Woe eee 
Kanawha........ Tl en ee CNL OES. (0c pete boas atl Fk (eon 20, 262.00 
as oa ay ee 16,755.04 | 2,000 3| 1.25 | 7,500 | 24,255.04 
Lincoln ae ig Use re 30 | 4,000.C0 | 2,400 4| 1.00] 9,€00 | 13, €00.00 
a eee A eee scala cae 
ee | 400 | 2222] as | osaioey ||. ial eset een ii 
Marshall......... dg 400 3 63 £42115 96) OG BO) eee eee ee ee 26,706.56 
Mason.-......... Cy eae come 30 | 15,610.91 | 3,500 211.00 | "7,000 | 22,610.91 
: Mercer........... Oe oe ey Sie ee 30 | 11,200.00 | 43,500 4| 1.25} 17,500 | 28,700.00 
| “(aa gaa => val Avpaeeincot =: = els i" yep alae = poe 6, 818,98 
Monongalia...... m0 fe pre ae 25 20,8° 3.0 a3, 500 2} 1.25 87750 39) (23.00 
NOG is =... Se ee 0 a 1 COOK COMIRE Soe le Seem |e eee eee ees ith ; 
Morgan.......... Fate ahha oe esate 25 | 4,3¢0.00 | 1,275 9°10" | 3;£50'| “Cot0.00 
Nicholas es . 800 i eee 25) 4, £00.00 2, £00 4| 1.25 | 12,500 | 17,000.00 
ee | |=«(200 |......_|....... 00; fotce Calor ons [tee 10. Ree ie mes enters 
Pendleton as: 500 |oeee.e-) ceo, 25 i, 060.0 1, 400 4] 1.00} 5, €00 | 10,€00.00 
eoreeeee 0 Sees Cees eee yVUU. Sees ees ae ees ee ee 4,C 
Pocahontas...... 400 |.-.-.-. 5 SOR MELO Goaca2 see lee ee ell aoe eee eee 10°33 39 
Preston. — i eee eee ae sa'| 2% coo 00 4, 500 2| 1.25 | 11,250 | 36,250.00 
Se ec Se FOOOOOMPet as Meee s ciate feral UO 
Raleigh.......... Cg eee ea Rae 4,199.28 | 42,000 4 | 1.25 | 10,000 | 14, 09 38 
Randolph....... Oh tet :..| 15 | 6,000.00 | 3,£00 4| 1.25 | 17,500 | 23,500.00 
Pitghie./.-...... @500 |. 25.2.) Mee: Ancient (, COG 00N tana od toda oy obec ee 10, C00. 00 
Waane...-..:...- HOO ees 25| 4,732.73 | 4,000 4| 1.00 | 16,600 | 20,732. 73 
ae ee tae al) A aa At rd ree meee ei 
eae. hae Seth 5-000; 5 25 | 6,125.00 
Tucker.......... ge a peed eae i5 | 3,741.66] 828 4| 1.25 | 4,140 | 7,881.66 
ae ran een B dsdeptinn 7,505.11 | 1,848 3] 1.25| 6,930 | 14,435.11 
Upshur.........- DR Gans nae 25 | 6,000.00 | 2,400 4| 1.25 | 12,0C0 | 18,000.00 
eee n> ate ea Siete ace tot oe eter ee a 
BWStele-:-<.=-- eS eel eae , 990.7 5 760 | 5,740.71 
Wetzel ee vee] BHO vessel eee. 35 12, 000.00 d 4,000 3| 1.25 | 15,000 | 27,000.00 
Meee) 250). 5... 4... LOGO. 00) aot... (hh een eae 7,000.00 
me Wood............ a0 20 |-2.... NEMO OCOLI0 fore cetyl eed eee 25,.0C0. 00 
Wyoming........ “OVE Eo GSS ec 594.00 | 1,000 4| 1.25 | 5,000 | 5,594.00 
Total...... | Beliene eve) 297/10... 587,870.28 | 80,722 |........oc.eo.. 305, 415 |893, 285. 28 
| 











a Where figures are not given in these columns, no mileage has been reported. 

> Blank spaces in this column indicate that the levy varies in the different districts. 

c Blank spaces in these columns indicate that all male inhabitants between the ages of 21 and 50 years 
are required to pay a capitation tax of $1 instead of a labor tax, and that the funds received from this 
source have been included under the head of cash tax. 

d Reestimated in this Office. 

¢Some of the districts in this county are under the alternate road law. 

f From two berry only. It was impossible to secure a complete report from this county. 
g Includes 5 miles of brick road. 

h Includes 6 miles of brick road. 
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Issued April 23, 1907. 


United States Besar tient of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 79. 


LOGAN WALLER PAGE, Director. 


pete ROADS OF WISCONSIN: MILEAGE AND EXPENDITURES IN 
1904.2 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 63 593 
miles of public road in the State of Wisconsin. Of this rleaee 
9,900 miles were surfaced with gravel and 733 miles with stone, 
eer in all 10,633 miles of improved road. It will be noticed fon 
the table that on of the counties report an unusually large mileage 
of gravel roads. * The State geologist of Wisconsin reports that this is 
due to the fact that these counties are favorably located with regard 
to moraine deposits containing very excellent gravel for road building. 

It will be seen from these figures that 17 per cent of the roads has 
been improved. By comparing the total road mileage with the area 
of the State, it appears that there were 1.17 miles of public road per 
square mile of area. A comparison of mileage with population 
shows that there was 1 mile of road to every 33 inhabitants and 1 
mile of improved road to every 194 inhabitants. 


SOURCES OF REVENUE. 


A highway tax of not less than 1 nor more than 7 mills on the dollar 
is assessed annually on the real and personal property in each town 
or superintendent’s district. An additional tax of not to exceed 15 











@ This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult. Part of the information has 
been furnished by Prof. William Otis Hotchkiss, geologist of the State of Wisconsin, 
though most of it has been sent in by voluntary correspondents appointed by the 
Department. Every effort has been made to verify all figures given, and in this con- 
nection Professor Hotchkiss has rendered very valuable assistance. Nevertheless, 
errors may have crept in, as many of the roads have never been measured or surveyed, 
and in some instances careless methods prevail in keeping records of the collection and 
expenditure of road funds. The Office should not therefore be held responsible for the 
absolute accuracy of the figures. It is believed, however, that with some exceptions 
they can be accepted as fairly correct and that they will form a valuable basis for com- 
parison and for future work of this kind.—Logan Wa ier Pace, Director. 
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mills on the dollar of taxable valuation may also be levied, provided 
‘the same has been authorized by the last preceding annual town 
meeting. These taxes may be worked out at the rate of $1.50 
per day, and reports from the various counties indicate that they 
are usually worked out. 

Every male inhabitant in each town or superintendent's district 

over 21 and under 50 years of age, unless by law exempt, is requ 
to pay an annual poll tax of $1.50. 

Towns are authorized to issue bonds for the purpose of ova 
graveling, or macadamizing roads, provided the same is agreed to by 
a majority of the electors at any annual or special town meeting. 
These bonds may extend over a period of ten years and bear interest 
at the rate of 5 per cent, the interest and principal being paid from 
taxes levied for the purpose. 

In the permanent improvement of certain roads the counties are 
authorized to aid the towns to the extent of paying one-half the cost 
of construction. The town’s share of the cost is levied against the 
taxable property in the town and must not exceed 3 mills on the 
dollar of property valuation. The county’s share is levied upon the 
taxable property in the county. ) 

The county boards are authorized to adopt main traveled highways 
as county roads and to cause the same to be kept in good repair. 
The board may levy annually for this purpose a county road tax of 
not to exceed $8,000 on all the taxable property of the county. This 
tax is expended under their direction in making culverts, grading, 
eraveling, ditching, and otherwise improving such highways. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the property tax paid in cash or worked 
out at the rate of $1.50 per day was $1,924,025.88 in 1904; and the 
cash value of the labor tax at $1.50 per day was $257,236.50, making 
a total expenditure of $2,181,262.38. By comparing the total expen- 
diture with the total mileage of public road and with the population 
of the State, it is found that the funds collected and expended for 
road purposes amounted to $34.30 per mile of public road, or $1.05 
per inhabitant. 

Maurice O. ELDRIDGE, 


Chief of Records. 
Approved: fe 


JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D.C., April 1, 1907. 
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Mileage and expenditures in 1904. 















































Miles of public roads. Funds collected and expended. 
Poll tax. 
Total Property tax) ———___—__-—_|_ Total ex- 
of all 2 een aor ee pai som ges Number |Amount of | penditures 
public os we Pe! i or worked | Ofmen | taxat | from prop- 
toads. [et ever@) Stone, out. b subject | $1.50 per | erty and 
; to tax. poll. poll taxes. 
Dollars. Dollars Dollars. 
oa cs wx ey LOOSE eee | Pec ia ey 10, 260. 00 1,150 1,725. 00 11,985. 00 
. ae 491 31 341 21,621.00 914] 1,371.00) 22/992. 00 
. ae 1, 400 153|..........| 24,468.00] 4,000] 6,000.00 | 307468. 00 
-_) eee AR: Rs ER ce 9,687.00 | ¢2,500} 3,750.00] 13,437.00 
a 906 239 493} 29.963. 00 3,562 | 5,343.00 | 35,306.00 
ae 2800 | —- 504 oh. is'ooon | 1000 | stangey | eae 
a eee oS oo © PH He OMT d - bf SF * , . 
pac ae 635 337 184 25, 148. 38 2,756 4,134. 00 29, 282. 38 
aa 1,195 128 3} 25,303.99 | 1,967] 2,950.50 | 287344. 49 
ae 1,224 22 2 32, 857. 00 3,534 | 5,301.00] 38,158.00 
Cs ¢1,500 300 50 28,989. 00 5,000 7,500. 00 36, 489. 00 
emeOrge. ...........- 975 29 1 17,645. 82 2,900 4,350. 00 21,995. 82 
a 1,704 205 32 59,701.19 5,349 8,023. 50 67,724. 69 
| aL 1,372 350 39 57,732. 09 3,318 | 4,977.00] 62,709.09 
aes lett AR BEES [oes oe 
0 ) ] . ] ) . 530. () 
ie ae 866 66 1 21, 484. 00 2,455 | 3,682.50} 25,166.50 
Mere @laite............- 900 86 7 23,110. 00 3,416 5,124. 00 28, 234. 00 
Piorenos..............- 150 i an ree 6,000. 00 © 500 750. 00 6,750. 00 
Fond du Lac 868 aval 55 45, 653. 00 1,700 2,550. 00 48 , 203. 00 
LCi) ¢ 500 OG eee 6,735. 00 400 600. 00 7,335. 00 
OS Ge 1,216 1194 b2 34,984. 00 1,900 2,850. 00 37, 834. 00 
(C20 ae 1,050 53 10 30,000. 00 2,000 3,000. 00 33,000. 00 
recom Unk... .....5..- 660 64 13 12,527. 00 3,000 4, 500. 00. 17,027. 00 
ON bone 1,500 48 Ne! 20, 444. 00 3,000 4,500. 00 24,944. 00 
J? 09S hk eee 262 9 5 15,346. 92 1,600 2,400. 00 17,746. 92 
(Oct, ae 1,393 LOG. eee 27,134. 52 1,809 2, (13. 50 29,848. 02 
MieitensOnec.......-..--- 961 275 25 33, 460. 00 4,592 6,888. 00 40 , 348. 00 
ICG ae 1,000 Gl. See ees 20, 259. 87 1,180 1,770. 00 22,029. 87 
Dili! = 486 Seis eters Stes 11, 206. 00 3,000 4,500. 00 15,706. 00 
WeemaUMees..f.c2...---.- 556 v0} hell Sept ee 21,834. 00 2,120 3,180. 00 25,014. 00 
. ibiethoith 729 8 443 10, 693. 72 1,848 2,772.00 13, 465. 72 
mew relavyetle.............- 1,100 11 4 25,000. 00 3,500 5,250. 00 30, 250. 00 
SReIG.. ene 620 PAU We Pees 5 Ser oes 17,734. 00 875 1,312.50 19,046. 40 
LC 515 TOO ae some 21,750. 00 2,450 3,675. 00 25, 425. 00 
Manitowoc............- 1,080 | 2 be 78 ; pee As >» pa >» rit 8 64, 869. 00 
MpfatnOlMs.0.25..-....- 1,990 5 49 , 697. ; , 900. 57,197.00 
iamnGehees...s.-.--..- 500 50 5 26, 414. 00 2,000 3,000. 00 29,414. 00 
Meerogerte,-........... 800 50 Ne Lop ee 13,034. 50 1,700 2,550. 00 15,584. 50 
ibemtihe.) 575 | ¢ 268 154 40,943. 00 1,600 2,400. 00 43 , 343. 00 
On Ge) 1,500 143 38 , 384. 23 4,046 6,069. 00 44, 453. 23 
len RR > 881 LES p oeeorcon one 28,911. 32 1, 452 2,178. 00 31,089. 32 
Tenth 476 31 1 17,774. 00 2,800 4,200. 00 21,974. 00 
Setagamic............. 1,053 473 24 oe oer e 2, a 3) aap a = ,080. 50 
on 360 7 114. ;000. 4) 114. 00 
Seana 316 7 1 6,739. 25 935 | 1,402.50| 8,141.75 
ee. © 948 47 83/ 29,656.00 | - 2,085 | 3,127.50] 32,783.50 
a 1,119 40 |....-..- aj iM a = my ve " oe Ae oF Re 93 
ov oi) en 1,162 30 2 , 303. ’ , 062. 2,965. 17 
seer *sS-=------ ’ 578 po bee | 31’462.00 | 13339 | 27008.50 | 33470. 50 
Ae eee © 640 250 15| 25,718.53 1,000} 1,500.00] 27,218.53 
ae c 864 12 2 25, sie He = rth a sie - a pe 00 
2 SS See 1,246 348 50 28, 164. ; , 901. 2,665. 50 
ee Tea eatin 21,522.00} 2,175 | 3,262.50] 247784. 50 
nx sp0:.......-.- 1,207 Te BE Te 31,968.00) 2,444 | 3, 666. 00 | 35,034.00 
— 1,600 15 ries 23 303 O02 eo: , 200. 37, 593. 00 
aera Tid Ren ene 20,605.00 | 400 | "600-00 | 30,205. 00 
POPS = Bee, «! 920 12734 2 y JIS. ‘ ) ) . Oy . 
Sheboyen coo vias] og] | ale. bon) Tem) et 
Mimivior...-...........-- 580 324 1 304. 1332 025. 399, 
aaa e1,100| 37H] 34) 27,077.00 | 15544] 2,816.00 | 20,305.00 
Sverre 1,374 fia: 10 , 687. 2,65 979: 5 0, 666. 5 
: ae AM) eee ty tee Ne Pe ee 12,500. 00 1,000 1,500. 00 14,000. 00 
aa 968 722 i7| 39,346.45] 1,610] 2,415.00 | 41,761. 45 
Meehan... 500 rye 15,482.00} 1,000] . 1,500.00 | 16,982.00 
Secnington........... 670 400 90}  423485.00 | ¢3,500 | 5,250.00°| 47,735. 00 
j Waukesha nix th PLCC C 1,100 400 16 43, 658. 00 ¢ 5,000 7,500. 00 51, 158. 00 
ara 1,128 141 4] 35,106.04] 3,145| 4,717.50 | 39,823.54 
Waushara...........-. 1,029 136 2| 17,485.00 | 3,080] 4,620.00 | 22,105. 00 
ee 851 513 9 33,543. 28 2,675 | 4,012.50 | 37,555.78 
eae 343 10 4| 24,669.00] 1,555 | 2,332.50 | 27,001. 50 
63,503 | 9,900 733}| 1,924,025.88 | 171,491 | 257,236.50 |2, 181,262. 38 






ficures are not given in these columns, no mileage has been reported. 
Be erorts indicate pat most of this tax is worked out at the rate of $1.50 perday. Levy is not 
shown because it varies in the different townships, the usual rate being from 20 to 50 cents on each 
$100 of taxable valuation. cEstimated in this Office. 
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wie Issued April 30, 1907. 


Unit id States | Department of Agriculture, 
y OFFICE fo Re It is Circular No. 80. 


Ad. ~ a ln, 
Ry. £ y 
aaa GON WALLER PAGE, Director. 








MILEAGE OF ROADS. 





The accompanying table shows that in 1904 there were 79,324 
miles of public road in the State of Minnesota. Of this mileage, 
6,179 miles were surfaced with gravel, 674 miles with stone, and 1 
mile with brick, making in all 6,247 miles of improved road. Several 
of the counties have an unusually large mileage of gravel roads, 
which is probably due to the fact that these counties are abundantly 
supplied with gravel suitable for road building. It will be seen 
from these figures that 7.8 per cent of the roads has been improved. 
By comparing the total road mileage with the area of the State it 
appears that there was about 1 mile of public road per square mile 
of area. A comparison of mileage with population shows that there 
was 1 mile of road to every 22 inhabitants and 1 mile of improved 
road to every 280 inhabitants. 


SOURCES OF REVENUE. 


The supervisors of the various towns are authorized to levy a road 
tax upon all real and personal property of not to exceed $1 on each 
$100 of taxable valuation. This tax may be commuted in labor at 
the rate of $1.50 per day. In counties having a population of 150,000 
or more (Hennepin and Ramsey) all road taxes must be paid in cash. 
Road taxes of any town may be paid in cash if agreed to by a ma- 
jority vote at an annual town election. 





a This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. As little reliable information of this kind 
has been published, the collection of these statistics has been difficult. The 
information given in the table has been secured from voluntary county corre- 
spondents, county auditors, and town clerks, and from the first annual report 
of the State highway commission of Minnesota. Every effort has been made 
to verify all figures given, and in this connection the Department is indebted 
to Mr. George W. Cooley, State engineer of Minnesota, for much yaluable 
assistance. It is believed, therefore, that the figures can be accepted as fairly 
accurate and that they will form a valuable basis for comparison and for 
future work of this kind —LoGaANn WALLER Pace, Director. 
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Every male inhabitant over 21 and under 50 years of age, unless 
by law exempt, is required to perform not less than one nor more 
than five days’ labor each year upon the public roads or pay $1.50 
for each day he may be required to perform road duty. This tax 
does not appear to be assessed in some of the counties and in many of 
the towns, which is probably due to the fact that these counties and 
towns have by a majority vote decided to pay all road taxes in cash. 

Bonds may be issued by the towns for road purposes which must 
not exceed, together with the outstanding indebtedness of the town, 
5 per cent of the assessed valuation thereof. These bonds must be 
paid in not to exceed ten annual installments, and may bear interest 
at the rate of 6 per cent per annum. 

The commissioners of each county are authorized to provide a 
fund for the construction, maintenance, and repair of county roads 
and bridges, to be known as “the general road and bridge fund ” 
and to be expended upon such roads and bridges as the commission- 
ers may determine. Not more than $300 may be appropriated per 
annum from this fund for any one town road or bridge in any town- 
ship. The county commissioners are authorized to include in the 
regular tax levy of the county a tax not to exceed 1 mill on the 
dollar on all the taxable valuation in the county for the benefit of 
the road and bridge fund, in addition to the amounts levied for other 
county purposes. This levy may be increased to 2 mills, provided the 
taxable valuation of the county is less than $1,000,000. 


EXPENDITURES. 


The amount expended in cash and labor from property tax by the 
counties and towns was $1,542,641.99 in 1904, the estimated cash 
value of the labor tax was $354,212.25, and the amounts expended 
by the various towns from bond issues during 1904 was $64,775. 
making a total expenditure from all sources of $1,961,629.24. It 
will be noticed from the table that during the past ten years $487,- 
265.98 has been issued in bonds by the various towns for road im- 
provement in addition to the regular expenditures for road purposes. 
By comparing the total amount expended with the total mileage 
of public road and with the population of the State, it is found that 
the funds collected and expended for road purposes amounted to 
$24.72 per mile of public road, or $1.12 per inhabitant. 

Maurice O. Evpriper, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
WasuineTon, D. C., April 11, 1907. 
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Mileage and expenditures in 1904. 





Miles of public 







































































roads. Expenditures in money and labor. @ pe 
De 
\ oq ss Fs 2 oS 
6 | ia = 2 EE Labor tax. Bond issues. soy 
County Be =. 20 heat » Hs Ko =) joa On Baek 
a8 o o| BUS Q wn esis t, Dg} nos 4 O par 
sence joe! Sas, S i eee Sh Jos on sa 
Peper (ee tems | oe tak) See | OS Soe ie 
Ig2{am/3o| Sob. | 2S 155) o F | Be | dae] .gss 
S = = ae aS Ho | mS] Bee aa Ook Boaz 
& 5 3 5 one o SH| Besa ie =a S432 
| ma |n O | 4 a > A a hea 0 
pic Dollars. Dollars. | Dollars. |Dollar 
Aitkin............. 690, 193).....| 22,096.00] 661, 2} 1,983. 00) 37,200.00) 16, 000 70,019.00 
MOMAS .2-----.--- | 578) 650 6 26,000.00) (e) (e) (e) 3,000. 00 : 26, 000. 00 
Bee Ueno... =--.-.- Wek 220) a... 0%] dans | 10,726.56) 1,627/ 2) 4,881.00; °500.00|........ 15,607.56 
Beltrami........... ET) ee es 12,000.00} 1,600/ 1) 2) 400.00 Wine ir ee 14, 400. 00 
1) | RS ee BUS os CoO 18 TAN 00k. eae eee ee OR. 
Biestone?.......... SAKE Saas aie BO 42 ehOlement (4 275 DOlsiik oats chute nee oe Pe 
Blue Earth........ atl 2) Coa! (25, 378249 19564 1+) 2934.00: wees eee 98" a ie 
Petom...2.---.... pe ese,) 1120): 16,198, 08), -1,469)0) 2 1)"4, 407.001. 5) Seok claoea ee 20. 605, 08 
PREMIO vs. ws. 5 - ve Nee Bela] era’ fm ee See 20, 566. 24 BB ds nah GES Oinw..| aes nae 93” 918, 24 
Saiyero..........- sey 10,532.00" 21 20be2 2" 6) 3800001, aoe ee ee 16, 892. 00 
MMs sn ..-<-..... 940} (/) |...-. 6,000. 00)ga 12001 as 2") 63.600. OOiet teat. ace 9’ 600. 00 
Chippewa.......... POTS) | 10s 12, 650-001) 21600 \ip Srl 4, SOO 00K oie ct ames 17) 450. 00 
eee e-5-.....- OES ieee” ere DB, 47O0h 2100 the S150 700K eek oie ee 8’ 629. 00 
Rlewicee+~s-------- 168) 199} 5. 24, 438.53] 1,390! 14) 3,127.50) 10,000.00\........ 27, 566, 03 
Clearwater ........ Oia. Saket - 4, 96S s00I0 © B40 2at > 2.095. 00s yee ate twens 6, 988, 00 
AES Ze 120 al sae: 11, 500. 00 pay 187; BOW. ue ALE ea 11. 687.50 
Cottonwood....... ork i ea 20; 025 Heit 600 mre 480000) 8 het ems 24, 825. 56 
Crow Wing........ 400) 83h. 11,386.60} 994) 2] 2,982.00] 3,000.00|........ 14, 368. 60 
Dakota............| Siar des 1. 16,37 BU eh re) O05, U0)e 3 ak eed 18, 370. 31 
iio... ......- B12)» 210, Jo 2:.. 18, 884,90) A B8d7lan Let 2,770. BOL.) 1s. foe 6 Ve mele ede 
Meiglag.....:....| 1,036) 35 |..... 10,060. 49} 2,073; 2] 6,219.00! 1,300.00)........ 16, 279. 49 
Faribault. 1,174) 49 |... Bi, COR OO Zeller 2h) 69990. OO ea eek ee 43, 428, 29 
¢, milmore..........- RTT aaa Re 2418790" 3, G00 84 10.800 00S. ace. ees 35, 587.20 
™ reeborn.......... 1,066) 87, Lex. 13,000.00] 4,125) 1] 6,187.50|.......... hse vie nO tegen 
i Srocdhtie..........- 1,259] 67 Must G1, 912. 49) 2461) usd) 8, 601, 50 than a ee ee 61, 603. 99 
Muiirant....,........ Me S24: eel ce 4,314.00} 1,400, 14} 3,150.00).-2222 222. eee 7, 464. 00 
™ Hennepin.......... Bese ee ot! 75,000.00. (4) |-Cey Ce). tle -.| 75,000. 00 
: Houston........-.. BIO W943, 916/168.80), 2,000) 1); 3, 000.0010 2.) sh ae, | 19) 168. 80 
; Hubbard... ......- 600|...... Pee aP a i14, 000, 0016 95010204 le 1-425, OO ot a. eve pee ee 15, 425. 00 
j Ree... G00 Au. aS 7; 6030.17.01, 600 |e rhe’ 7, 873100) 2, donc More 15, 478.17 
ERRSPAS cos. ......- ils be ees ae 28,000.00, 91,200, 1] 1,800.00) 70,000.00 ........ 29, 800. 00 
i Poeeeon........... (re aN x an Db 875.781 0 1, 002i) 1.) 2,538, 00] Jes shee ie mena 28, 413. 78 
mee Kanabec.......... Beatie: eae 9,043.00/ 972) 14/2, 187.00).......... eaeen 11, 230. 00 
Kandiyohi. ........ 1p079), 184 len... BL S84 RT PAB 1 2, 297. 50 ase ea ee 33, 612. 37 
: i a } 1,250; 69 |.;.. 13, 46513\¢ 14061 2-13, 888: 00l 22522 oes. 1 ohn 17, 053. 13 
Lac qui Parle...... S449) 38 |} vow 10, 828 Thiel SOM eM 2, SA 00S «yen ness 12, 869. 75 
, ee 300| 43)... PAW TUR Wei ay amie Cp pt Paerimces fale 2 21, 415. 00 
| esour........... ee (Sess fee: 12; 34043109 G00)" 2.1 7,000, OO pianaans Aenean 19, 849. 43 
igen... .-... Oni de hace # Bt 50000) hil 200le a teh 22700. OO} ss. 0) Sa) tana ee 4,200. 00 
ae E0850 [Lose He 18, 000, 00))//1)660) °° 141%) 3, 712 50)... a a ae 21,712. 50 
‘ MoLeod:........... 816 405 |..... 3), 784007 |g O18 eile 8, O54) O0loste cage ob Heian’ 41, 438. 97 
me Marshall........... ERS ats 19,083.95} 2,846 2] 8,538.00} 7,496.75|........ 27,621. 95 
; Baril o.......:.- 7-186) 6100-4. 2...) 24;149:00] 3,000). 25). 4,500. 00}s....2, sch gt: 28, 649. 00 
mm  Meeker...........:| 755| 479 |..... | 14,471.97; 535, 1 B02, S0lt asso ares 15, 274. 47 
; Millelacs........... td (ee Dee | 3,000.00  800' 1] 1,200.00 10,000.00)........ 4, 200. 00 
i Morrison .......... TapOsiiees ea mt, HOD. 67 Mel; 708 guy Bb, 124, OO see ol eee 21,774. 67 
f gers... ....... eos 76 face T7200) 88 2, 5001 \ Vale 2,.750) 00l,. seek eel ae mene 21, 040. 85 
: MieTAy 2.2....--.. TOV 102 18, 000; 00)" s.S50I 0) 2c, 275-005 Wee nie eae ena 19, 275. 00 
x Siicollet-........... Gel O0se a8 cee 4, 0000-1; 2000", 2 |= 3,600; 00[0. 5, 2 iene 7, 600. 00 
% Moples............. Es00) was fee 18,691.89] 2,245, 2] 6,735.00 35,000.00, 35,000; — 60, 426. 89 
“ Norman........... F300 sah: eel) 1000, 00), 2/500) 46 21,97 00: 00)s ase e ere. sna 18, 500. 00 
; Dimeted........... HOTs 3004. 43,000.00] 2,000 1] 3,000.00.......... las eet 46, 000. 00 
. Ottartail.......... 2,500 138 |..... Bd 787.93) 6, O52\eh* 141 13/0175 00] 4505. couleeenees 46, 354. 93 
h . ae 664) 16 /..... 13, 163.13 1,306] 2| 3,918.00) 40,400.00, 5,000} 22, 081. 13 
i Pipestone......... Paco ti. to, 112/88! © 900); 14/12, 025. 00)-5. 22. eae 9, 137. 88 
i ae 3,009] 233 |..... Pan TTS G7 a), O75) cdi L025. 00); se sene eben 60, 703. 67 
ae pe eee OE PIB, B56. 710 9, 181) | cldt 4,007, 25]. cee. ene 21, 243. 96 
) BMEOY.....-...- 261| 5 | 10 | 33,699.79] (¢) | Ce) | (2). |--s-zannnc|----nee- 33, 699. 79 
‘ Meditiake.........- ya ea 19,996.001 1,431/ | 13! 3,219.75! 3,500.00)........ 23,215. 75 
t a Some of the figures obtained in this column were taken from the first annual report of the Minnesota 


State highway commission, the others were tabulated from reports obtained from county corre- 
spondents. é 

b Where figures are not given in these columns, no mileage has been reported. 

¢The rate of levy is not shown, for the reason that it differs in the various towns of the different 
counties. 

@ The number of days which the men are required to work or pay poll tax varies in each town, but the 
number given above is as near the average for the various towns in each county as it is possible to 


secure. 

e No labor tax was reported for this county. 

{This county reports 500 miles of gravel road, but these are undoubtedly natural and not improved 
roads. 

9 Estimated in this Office. 
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Mileage and expenditures in 1904—Continued. 
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roaas. 550 
2 a has 
4 |< |< 5 oS Labor tax. Bond issues. See 
2 A= 35 O30 : fe 2289 
Ag 7 oe PP a A me Leroi orn 
Comiy. (Sel FalFsl see | 8. /55| $8. | Be |Sce| Beue. 
as|geigs| e826 | ex a2) oye | oe | cee 
vo Sh | Sal Lady wee ae oy oer o> |S5a8| eaes 
S-|= |— | s568 | 82 |22| 3e8 | Bs | 8°98] cease 
i) 53 S aoe H ‘Ss & Fog HH 
= n n s) = QA > / A < a 
Dollars. | Dollars. | Dollars. |Dollars.,| Dollars. 
Medwo0od cseeeee. - fb; 447) 1104" |eees- 26, 355.00) 2, 255 1 | 3,382: 50). 2.22 29, 737. 50 
Renvilleve2 14... e WACO, AO nec ae 18;'000: 00)" 3; 500)" 225)" 105500. 00S See asl eee 28, 500. 00 
134062): Bra Sy oe 892) 1337 |Seee: 17,019. 12 re 296) 23) Hosa 00}. - 4; 900::00)/S2aaaeaee 21, 879. 12 
UOC Se eee Ce ethos O30) eee ae mes 13, 480. 00) (@) (@) a) Salo, Ue 13, 480. 00 
Tose eee 1505; 41 eas: 5,140.00 1,596 2) 4,788.90 50,969.23 8,200] 18, 128.00 
SoeUOUISe epee! 879| 5 750 |-..-- 55, 318.92) (a) (a) (a) 150, 000. 00}. ......- 55, 318. 92 
SOO ES Anca eens ae GOO|NeeZo5 22 eee 11,850.00} 2,000; 13, 4,500.00) 1,500.00) 575} 16,925.00 
Sherburne. ........ on Bes ee 7, 236.25) 718/l 14/61, 346, D5 meee (aaa 8, 582. 60 
SHolGAy aceeeaate soe G20 ie242n eee 10,118.04) 2,423) 13 5, 451: 75)....0.0. 0-2 ee 15, 569. 79 
SSEOHETI Geant area ht 1c1,946) 50 2| 25,833.90, 3, 6831 2 | 11,049. 00, ea |. oo 36, 882. 90 
SHIGE Ce 2 ee ee 2A SOM eee ee 25, 603. 27| Do 500. 13} 55625: 00)20 = 31, 228. 27 
SELGVGDSte eh eres 927; 50 3 12,000. 00, 1, 500 2:| 4,500. OO|LL. Se ee 16, 500. 00 
SRW ORIDS ase ae seme 823) 25 5 35, 000.00, 2,000 14) 4,500: 00|. 2.2) eee 39, 500. 00 
MOCO Bytes eee ey eer Os 40a eae 2, 817.00) 3, 5001%. 25) 105500:,00) Sessa eee 13, 317. 00 
EET VOT SCS. ater ssi 910 rasan 38, 995.00) 1,142) 2) 3,426.00 500: 00) Ree 42, 421. 00 
Winbasha ess 2.2 2 ae One 20) 165426500) 1225120)" 151) 45,7770; O00 ey ee eee 21, 196. 00 
\WiGke G0 aes oe OO. ee ana Soeets 2, OOOK00 | Ro 1200 eae 3: GO0N 00 ee eee A oe 5, 600.00 
WiSCCOeetc acre G87) if 20 o2s=5 10; O00 %00) 22500 eles 9357505 00S eee | 13, 750. 00 
Washington....... (uO Gee an eer 9, 594. 63 922) 1°) 1,383,000 =: S22 10, 977. 63 
WiatOnWeale cece. (OZ Ieee ose ee 13,964.00; 2,000) 2) 6,000.00} 8,000.00)........ 19, 964. 00 
Willink. Pa 665i 0 SU 6, 129: 00): 710) 45) 1,005.00; eee lp ales 7, 194. 00 
WAT OU Slee see ee 97) 2} 113) 24,850.88; 1,963) 13 4, 416: 75|ch 2 eS 29, 267. 63 
WVTe teal See a 1) O88) e140) eee - 40,000.00, 2,700, 4 16, 200:-00). 22. Ua no5 eae eee 56, 200. 00 
Yellow Medicine...| 1, D631. (Roa ee 3,254, 44)" 1,919)>) 25) 5,75 7.,00]2 22-2. eer ee 9,011. 44 
otal. 79, 324|6, 179 | 673|1, 542, 641. 99/142, 345|.... ./354, 212. 251437, 265.98) 64,775|1, 961, 629. 24 





























aNo labor tax was reported for this county. 

b Most of these roads are improved with gravels secured from the roadside; the balance are surfaced 
with lean iron ore. 

¢ Includes 1 mile of brick road. 


[Cir. 80] 


O 








Gras 


3 
4 
" 

I 3 





SPORES: «; 





, ‘ Issued May 4, 1907, 
partment of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 8z. 






LOGAN WALLER PAGE, Director. 





PUBLIC ROADS OF DELAWARE: MILEAGE AND EXPENDITURES IN 
1904.4 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 3,000 miles 
of public road in the State of Delaware. Of this mileage 2 miles 
were surfaced with gravel, 14 miles with stone, and 50 miles with 
shells, making in all 66 miles of improved road. Tt will be seen 
from these figures that 2.2 per cent of the roads has veen improved. 
By comparing the total road mileage with the area of the State, it 
appears that there were 1.53 miles of public road per square mile of 


area. A comparison of mileage with population shows that there 


was 1 mile of road to every 61 inhabitants and 1 mile of improved 
road to every 2,799 inhabitants. 


SOURCES OF REVENUE. 


The cost of opening, constructing, and repairing public roads and 
bridges in Kent and Sussex counties is borne by the counties, ail 
necessary funds for this purpose being raised by a tax laid by the 
levy court. The levy courts fix the rates of taxation, after having 
ascertained the amount of money needed for road purposes. 

In Newcastle County the cost of constructing and repairing roads 
and bridges is borne by the several hundreds (townships), except 
for certain bridges, which may be paid for by the county. The road 
tax is levied by the road commissioners of the respective hundreds, 
except the portion chargeable to the county, which is assessed by the 


levy court. 





«This leaflet is one of a series issued by the Office of Public Roads, in which 
road statistics are given by States. The information given in the table has 
been secured from voluntary public-road correspondents and from the clerks 
of the peace in the different counties. Every effort has been made to verify all 
figures given, and the Department is indebted to the Newcastle County State 
highway commissioner for valuable assistance rendered in this connection. It 
is believed, therefore, that the figures can be accepted as correct and that they 
will form a valuable basis for comparison and for future work of this kind.— 


LOGAN WALLER PaGeE, Director. ce 
30315—No. 81—07 m 
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In addition to the regular county rates the levy courts are author- 
ized to assess a tax of not more than 20 cents on each $100 in any one 
year to pay any deficiency in road taxes of the several hundreds and 
to repair bridges and causeways. , 

In 1903 a State-aid law was passed, which provided that one-half 
the cost of State-aid roads be paid by the State and one-half by the 
counties. An appropriation of $60,000 was made to pay the State’s 
share of this work for two years. This law has since been repealed 
and another State-aid law adopted, which provides that one-half 
the cost of highways constructed under the direction of the New- 
castle County State highway commissioner to an amount not to ex- 
ceed the sum appropriated by the general assembly for this purpose 
in any one year be paid by the State, and that the State pay not to 
exceed $1,000 annually to each of the hundreds of the counties of 
Kent and Sussex as the State’s share in road improvement, provided 
those hundreds will raise and expend an equal sum for the same 
purpose. } 
Mileage and expenditures in 1904. 









































Miles of public roads. Expenditures on public roads. 
end Total ex- 
Pe nditures 
County. Total of | Surfaced | Surfaced|Surfaced| rate | By coun- | By State re State 
all public, with with with per ties and | on State- pee bres 
roads. | shells.¢ | stone. | gravel.a | $100. | hundreds.>) aid roads. and. 
| hundreds. 
> ee a us ab WES 
| | Cents. | Dollars. Dollars. Dollars. 
KON seesse io 2D US ee SS eI ape Bo ARR id 35 || “18; 000. 001i 22 eee 18, 000. 00 
Newcastle....... 1,000 Jin Reece 12 2 c31 |} 36,000.00 | 10,000. 00 46, 000. 00 
SCI Se Glens a eee 1, 100 50 | YN Apne: | 15 | 22,802. 88 4, 000. 00 26, 802. 88 
(Otel oa | 3, 000 50 14 2S Wastes 76, 802. 88 | 14,000. 00 90, 802. 88 . 





a Where figures are not given in these columns, no mileage has been reported. 
b The hundred in Delaware is a subdivision of the county and corresponds to the town, township 
or district in other States. 
¢ This is the average for all the nundreds in the county. 


EXPENDITURES. 


The amount appropriated and expended by the counties and by 
the hundreds for road purposes was $76,802.88 in 1904, and the 
amount expended by the State on State-aid roads in the counties of 
Newcastle and Sussex was $14,000, making a total expenditure by 
the State, the counties, and the hundreds of $90,802.88. By compar- 
ing the total amount expended with the total mileage of public roads 
and with the population of the State, it is found that the funds col- 
lected and expended for road purposes amounted to $30.26 per mile 
of public road, or $0:49 per inhabitant. 

; Maurice O. Expringr, 
. Chief of Records. 
Approved : 
JAmMrES WILSON, 
Secretary of Agriculture. 


Wasuineton, D. C., April 10, 1907. 
(Cir. 81] 
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PUBLIC ROADS OF MICHIGAN: MI 
190 


MILEAGE OF ROADS. 


‘The accompanying table shows that in 1904 there were 69,296 
miles of public road in the State of Michigan. Of this mileage, 
6,777 miles were surfaced with gravel and 2484 miles with stone, 
making in all 7,0254 miles of improved road. It will be seen from 
these figures that’10.1 per cent of the roads has been improved. It 
will be noticed from the table that some of the counties have an 
unusually large mileage of gravel roads. This is due principally 
to the fact that these counties are well provided with gravel suitable 
for road building. By comparing the total road mileage with the 
area of the State it appears that there were 1.2 miles of public road 
per square mile of area. A comparison of mileage with population 
shows that there was 1 mile of road to every 34 inhabitants, and 1. 
mile of improved road to every 344 inhabitants. 


SOURCES OF REVENUE. 


The commissioners of highways of each township may levy an- 
nually for road purposes a labor tax of not to exceed one day’s labor 
upon each $100 of taxable valuation of property, and a money tax 
of not to exceed 50 cents on each $100 of taxable valuation. The 
labor tax may be paid in money at the rate of $1 per day for each 
day assessed, or may be worked out by a substitute unless the quali- 
fied voters os the township have decided that the same shall be paid 
in eash. In townships in which the labor tax is paid in cash, the 











, 

} : —— _ —_— ee —a = 

is 

f a'This leaflet is one of a series issued by the Office of Public Roads in which 
¢ road statistics are given by States. As little reliable information of this kind 


has been published, the collection of these statistics has been difficult. The 
information has been received from voluntary county correspondents appointed 
by the Department, i. e., from county or township officials, and from the State 
highway commission. Every effort has been made to verify all figures given, 
and in this connection the Department is indebted to Hon. Hor atio S. Earle, 
State highway commissioner, for valuable assistance. It is believed, therefore, 
that the figures can be accepted as fairly correct, and that they will form a 
valuable basis for comparison and for future work of this kind.—LoGAN WALLER 
PaGeE, Director. 
30316—No. 82—07 m 
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rate is fixed by the electors at the annual township meeting and must 
not exceed one-half of 1 per cent (5 mills on the dollar) on the aggre- 
gate assessed valuation of the property of the township. 

Every male inhabitant residing outside of incorporated cities and 
towns, above the age of 21 and under the age of 50, unless by law 
exempt, is required to perform one day’s work annually on the public 
roads in his district or furnish a substitute. In leu of this labor 
he may pay $1 in cash. It will be seen from the table that this tax 
is not enforced in more than 25 per cent of the townships. 

In counties which by a majority vote of the people adopt the 
county road system, an annual tax of not to exceed 2 mills on each 
dolar’s worth of taxable property may be levied by the county road 
commissioners for the purpose of improving county roads. In the 
county of Wayne taxation for county road purposes is limited to 
one-half mill on the dollar. Any township already building roads 
under the township system is not required to pay this county road 
tax unless said township agrees to do so by a two-thirds vote. 

Bonds may be issued by any county in this State for road pur- 
poses, provided a proposition to that effect is agreed to by a majority 
of the qualified voters of the county. The limit of such indebtedness 
for roads and other purposes is fixed at 3 per cent of the valuation. 
Townships may also by a two-thirds vote issue bonds for building 
improved roads. Such indebtedness is limited to 5 per cent of the 
assessed valuation of the township. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the township property tax and ex- 
pended in money amounted to $1,549,957.51 in 1904; the estimated 
cash value of the township property tax expended in labor amounted 
to $1,252,050.67; the county road tax, which was collected in only 
seventeen counties, amounted to $266,546.70, and the value of the 
road poll tax, which was worked out or paid in cash at the rate of 
SL per poll per annum, amounted to $111,233, making in all a total 
expenditure in money and labor of $3,179,787.88. By comparing the 
total expenditure with the total mileage of public road and with the 
population of the State, it is found that the funds collected and ex- 
pended for road purposes, including the estimated cash value of the 
property tax and the poll tax paid in labor, amounted to $45.88 per 
mile of public road, or $1.31 per inhabitant. 

Maurice O. Exvprings, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., April 12, 1907. 
[Cir. 82] 
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Mileage and expenditures in 1904. 













































































Miles of public roads. | 1°Wnship property tax 
expended. Value 
: : | ao SE TREE os Count of road! Total ex- . 
County. Total | Sur- Sur- | road ae poll | penditures 
ofall | faced faced | tax at | in mone 
public | with | with | In money. Inlabor. | ¢Xpended.| gy per | and anon 
roads. gravel.a stone. day. ; 
| : Dollars. | Dollars. D ; 
peor + ---- See Ory O IGE ae 5,969. 11 BOOB eT eee 
eee. oS. 266 4 | 1 16.044. 46 Phy Wolied ih (9a, BeAr ; 12, 232. 36 
oS ia BL poo 863 oe ace on [ttt (¢) 16,044. 46 
Ripenals......... Bee aM opel hoagie oe Lidicnteae 3,148 | 86,877. 89 
_. an 100 | 001. 05 8, 479.95 | 11,901. 48 583.| 30,965. 48 
Be WAU IB ho ee 72550, 00 72 om 16, 325.555 ha 
eet ts | ‘ ..| 858 | 23, 733. 55 
7 ee | 2| 12.514. 47 6, 234. 53 1,251 
Baraga....-...... 366 Pie poe ee | 10,526. 76 (b) “"2°625.00 | Ce I ebay 
Barry...--------- 41,100 LOO ACL 22 | 14, 400. 00 16, 60807 7A. Heel 405 ae aa 7 
er 800 | ae 5a" 80 21, 824, a 13, 346. 35 | 36,705.38 | 1,529 | 73, 405.24 
a. 637 new eee » UUU. E7504, SLs 2g ree 1,066 10, 460. 81 
Branch D |-------- 31, 540. 00 2 OL Pee 2,600 | 56, 607.03 
; eee | 862 ieee oe 16,000. 00 7g36s 2a ae 1.761 | 35,127.72 
s 4 un....------ | 1,208 200 1-20, 000. 00 23,248. 8d lee See 2132 | 45,380. 83 
‘ Seeetes.-.... | 979 sss ee | 18,354. 58 10, 884. 52 |... 1,03 ” 969. 
Charlevoix........ 619 | 91 ‘ Wiilieco yt ee 2 OO eee 
ae SIE Nt ore | 8, 243, 21 10 O1.02 13 paces 954 | 19,207.53 
B  Cheboygan....... 1200 Oy AL 16,000. 00 15, 436.27 | 8 350.39 590 | 40, 376. 66 
| Chippewa. ...... A 1,000 50 35:12, 844. 56 9,957. 44 | 24'872.70 | 1,198| 48 872.70 
Brn] 2,000; 100 \2222227 Sgt atid leSbyaeinicral aie 5 1,015 ) 18, 648. 11 
Crawiord ae 376 2 1 1,065. 00 S50 Gus Ob ates tay | Bee i 
eee ..---| 619 Fad cee ae | 82, 168. 39 6, 861.72 | 14,53 ” 679. 
Dickinson | 100 | ; } , 038.88 | 1,111 | 54,679.99 
Dickinson........ 00 [oo -asaa-[eeeeeees | 10, 588. 62 () 9,906.10 |  (c) 20, 494. 72 
Baton. ...-.----- SOO a 200 tens _ @ 40,000. 00 Bo: S38 BO od seg 1,521 | 74,359.59 
Emmet.........- 801 45 6 10, 233. 40 16.0100, 35. |i eee 1.179 | 27,502.75 
enesee......----- iiss) (bagi. 2. .s B1,300.101) 23,504: 66. 108 8 ao. 1,076 | 46,069. 76 
Gladwin.......--. 308 5 23 5,000. 00 7,296.00 | 3,962.26 |” Aue) 
Gogebic........--- Boni pen sper Ned, 15, 610. 65 (0) aoe Bla | 15,904 68 
Grand Traverse..| 673 174 2 10,745. 49 19;714:88 |i. 2 2,c3eo1| 3728) eens = 
Peet... ..----- 1,200 | eee 40,011. 04 (7088-05 ee ree 2,152 | 60,151.99 
‘Hillsdale... ..... 1,208 ic eee 21, 555. 80 BA (451 Bk lie eee 2714| 49,315.68 
| Houghton.......- Odes 100 |e co 25, 583. 08 (Oh eee 4651 | 30,234 08 
| Murents.......... d 1, 682 60 4 30, 000. 00 DR ahd: Teles Pan ee 3.593 | 58, 947.73 
ingGeam.......... 1,060 telereeess 27,000. 00 D6 632/10 10 alta: "340 | 54, 472.19 
mee a... 1,000 (One eee 41,500. 00 D5 O68 Bile tn 2,346 | 67,814.18 
a 369 ra ees | 8,640. 31 2; 635.00 | 3,287.35 | 737 | 15,299.66 
ae | 330 120 tel ee et 23, 356. 67 (b) 7,356.90 | -(c) | 30,713.57 
feapelg........... | 450 iy Gee 23, 024. 00 {9 589: Sb 2,000 | 44,573. 86 
Papieoi.........- 1,222 AT ea 13,294. 82 Ds RON Th ee 1/606 | 38, 728. 93 
| Kalamazoo......- 1, 152 os) bie 8: 16,000. 00 171863. 21 ee 489 | 34,352.21 
Kalkaska....-..-- 686 14 21, 7,903. 69 9, 328.52 | 9,021.05 496 | 26,749.26 
Kent a iE 728 420 eaters ia a7: 776. 00 5151) SNe 1,744 | 123) 651.82 
_  Keweenaw.....-.- indo |e 7,280. 00 Bie Hi Ras 3 "696 976. 
a 467 L1Gh eee 5, 894. 03 hs 309 50) hee een 514 10741 a 
Miapocr..w...----- Pee AN reset te: 16,400.00 | 25,040.25 |........--- 2,974 | 44, 414. 25 
Deelanaul...-..... | 475 Poy eae A, 1,040. 00 10,641, 37 ee 883} 12,564.37 
Lenawee. .....---- HP G00 |oeeees cleeuseees 52,230. 001" 27,325.00 yea tee 5,468 | 85,023.00 
Livingston......- "956 i eg ee 13, 328. 00 19 147 AG ieee oe 1,245 | 29,720. 49 
ae 400 ema 3, 413. 05 8,586.95 | 3,999.51 |  (¢) 15, 999. 51 
Macki NAC. .-.-.--- / 488 8 as 14/069. 98 11, 025 00 Veceges eee 752 | 25,846.98 
peamib.....-.-..- 6 31, 500. 00 19,050,.40 Cae cee 1,567 | 52,119. 
Manistee......-.. | 393 29 i 9, 362. 30 8,593. 48 | 20, 638. 90 640 | 39 234 a 
Marquette ee | 472 30 4 17, 644. 85 Baan 00: kee eae 1,687 | 24, 965. 85 
GeGhas ack... --- i6 14 8, 200. 00 9,195.07 | 19,700.98 | 1,171 | 38,267. 
Mecosta eae | 1,050 50 Rye ahh, 9,810. 00 13 805847 eee Coe 1, 593 35’ 900. re 
. enominee....-... 86 2 20, 371. 29 (b) 15,741. 10 778 | 36,890.3 
'y Midland ae | 652 F be net 27, 220. 02 G5 502: 56 '\! Jon eaten 771 34° 493. 33 
ty ssaukee....---- (is) ae ere ee 8, 903. 30 925609) 028 ae eceres 579 19, 051. 32 
E Monroe......----- ME ee sek, 24,029. 39 14)901. 65 |....- eat 971 | 39,902.04 
iF Montcalm.....-.. 1,334 44 i 20, 678. 02 18, 635.68 |. geeae.se 2,848 | 42,181.70 
Montmorency ..-.. 231 ieee Pee 5, 455. 35 | 152018 26 inser ee an 175 6, 921. 61 
Muskegon.......- 884 65 2 9°265.00 | 9,008.59 | 13,349.99 | 1,009 | 32, 632. 58 
Newaygo oe 1, 233 oo ee 29, 026. 43 | 13, 967. iy ee eee 1,433 | 44, 426.73 
ekiand......-.-- ” 686 Deh O4ITIf = Rl, O68 20: Cesarean 2040 | 67,103. 06 
Oceana.......---- 950 50 24! 22,000.00 14, O46: SO lees es 1/301 | 37,847.30 
Ogemaw.....----- ACE og are 10 470.86 De 1B BOT 74 Lee ees 278 | 16,116.60 
Ontonagon....... TA | 9 a a 20,000.00 | 27, 503. 83 |....- se 632 | 48,135. 83 
Dapcola.-.....----- 1, 150 75 5 20, 269. 04 17, 206; 16: oe ee 1,233 | 38,708.19 
acoda......-..- Ks Nea ol ne eee aaa 799. 82 D Ror nee eae 45 3) 671. 54 
Otsego.......---- 7G at ea 6, 000. 00 G@ 04215 (eae 150 | 12,192.18 
iawe..........- ied 008) 2180 be. ..- | 28,103. 47 26, 629.00 |.......---- | 3,345 | 58,077.47 


a Where figures are not given in these columns, no mileage has been reported. 
b No labor tax was levied in this county. 

c No poll tax was levied in this county. 

d Estimated in this Office. 
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Mileage and expenditures in 1904—continued. 














Miles of public roads. | expended. 
sae at = County 
County. nate ni Bean es road ys 
of a ace ace expended. 
public| with | with | 12 money. | In labor. 
roads. | gravel.| stone. 
Dollars. Dollars. Dollars. 
Presque Isle. ...-- 1,000 20 di ven oe 3, 212. 33 | 6,171, 67 el eee 
Roscommon...--. 230 LOG Soames 4, 885. 60 | 13229. 00/8. eee 
Saclna Wass asae. 1, 533 8 25 | (4) 32, 1387. 35 | 60, 588. 73 
Bi (alr). 4.cb-s< 1,091 138 8 | 31, 753. 00 41, O10. 78 hs. c.coeeeens } 
Bt) Osepileees meee 711 10g eee 21,075. 61 11,630: 72 dies ae eee 
‘SHSM EKOS Te te ase 1,872 240 1 | 35, 000..00 30,010; 2 eae. eee 
Schoolcraft - ..---- D500 Wiss ceecie eet 6, 300. 00 1) 688.83 le cers aoe 
Shiawassee. -..-.-- 1, 100 S008 = aera 20, 000. 00 21989. 50 iis eee 
PEO 22. Wat. 1,628 (E)e hhoemeenee 25, 000. 00 26, S88..22°1. cy 2 ee 
WaneB uren 22.25. 1,353 | 14 ie eee 54, 100. 67 YAW Rese BTA ERLE as 52 
Washtenaw.....-. 1,301 48 ult eae ee 23, 622. 32 | 26, 677.00 tree ape 
DVR VIO Soh sh Leis 1,315 | COT eriekifoe 41,091. 27 53, O68. 46 ecb dren 
Wwextords. 2.1.63... 695 — ThAs aes 18, 534. 97 18; 073: 3022... anes 
1 eee 69,296 | 6,777 2483! 1,549,957. 51 | 1,252,050. 67 |266, 546. 70 

















Township property tax 





Value 


of road 
poll 

tax at 

$1 per 


day. 














600 


Total ex- 


penditures 


in money 
and labor. 


Dollars.. 


? 
43, 126. 50 
54, 776. 22 
76, 571. 44 
51, 164. 32 
94,299. 72 
37, 208. 27 


111, 233 |3, 179, 787. 88 








a Unable to secure report from this county regarding money tax in townships. 


b Estimated in this Office. 
¢ This county reports 1,500 miles of gravel road, but the advisability of including them under the 
head of improved roads is questionable. The State highway commissioner reports that there are per- 
haps 500 miles of gravelly roads in this county. 
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: >UBLIC ROADS OF RHODE ge tart MILEAGE AND EXPENDITURES 
1904.¢ 


MILEAGE OF ROADS. 


_ The accompanying t table shows that in 1904 there were 2,361 miles 
of public road in the State of Rhode Island. Of this mileage, 7744 
miles were surfaced with gravel and 247 miles with stone, ake a 
total of 1,0215 miles of improved road. It will be seen from these 
figures that 43, 2 per cent of the roads has been improved. By com- 
_ paring the total road mileage with the area of the State, it appears 
_ that there were 2.24 miles re public road per square mile of area. A 
comparison of Enteage with population shows that there was 1 aie 
of road to every 181 inhabitants and 1 mile of i improved road to every 
419 inhabitants. 
SOURCES OF REVENUE. 


TOWN ROADS. 


Each town, at a regular or specially called meeting, appropriates 
annually such money as may be necessary for the construction, main- 
tenance, and repair of highways and bridges. The sums so appro- 
priated are included in the next annual tax levy for town purposes. 


STATE ROADS, 


In 1903 the legislature of Rhode Island authorized the construction 
of a system of State roads and appropriated $100,000 therefor. The 





@ This leaflet. is one sae a series issued by the Office of Public eauds in which 
road statistics are given by States. The information given in the table has been 
secured through the public roads correspondents of this Office, from the high- 
way commissioners, town clerks, and town treasurers of the various towns, and 
from the report of the State board of public roads of Rhode Island. Every 
effort has been made to verify the figurés given, and the Department is indebted 
to the State board of public roads of Rhode Island for valuable assistance ren- 
dered in this connection. It is believed, therefore, that the figures can be 
accepted as correct and that they will form a valuable basis for comparison and 
for future work of this kind.—LoGcan WALLER Pace, Director. 


30506—No. 83—07 m 





2 
same amount was again appropriated in 1904. In this work the 
State pays the entire cost of construction, provided the road is’ 
not more than 14 feet wide. If it exceeds this dimension, the towns 


are required to pay for the additional width 


Mileage and expenditures in 





1904. 





| .Miles of public roads. 








Expenditures on public roads. 






































a eee — 0 ce 
County. | Total of | Surfaced | Surfaced | : bade 

all publie| with with | By towns. | By State. |RY™Gi i 

| roads. | gravel. | stone. | ed Staten 

| ait. 2 ea 3. | 
VISA ee teas MRD ewe 110 27.5 21 | $21,769.91 | $15,360.30 | $37,130.21 
Reni ones cee ts aT oe 525 55 29 | 76,669.37 | 16,200.08 | 92, 869. 45 
Newport ok. Aen Ee 185 25 45 | 25,000.00 | 22,665.33 | 47,665.33 
Providence 26: tid ss cc ee 919 408 84 | 126,636.54 | 36,390.79 | 163,027.33 
BVaRhineton.<.cc2d: atu... eee 622 259 68 | 47,338.89} 16,979.64 64,318.53 
tal oor neh: AO oe ern | 2,361 | 774.5 247 | 297,414.71 | 107,596.14 | 405,010. 85 

EXPENDITURES. 


The amount appropriated and expended by the towns for Yoad 
purposes was $297,414.71 in 1904, and the money expended by the 
State in the various counties on State roads amounted to $107.596.14, 
making a total expenditure by towns and State of $405,010.85. By 
comparing the total amount expended with the total mileage of 
public road and with the population of the State, it is found that 
the funds collected and expended for road purposes amounted to 
$171.54 per mile of public road, or 94 cents per inhabitant. 

Maurice O. Exvprings, 
Chief of Records. 
Avproved : 
JAMES WILSON, 
Secretary of Agriculture. 
Wasnineton, D. C., April 12, 1907. 


[Cir. 83] 


& 





Issued May 11, 1907. 


United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS—Circular No. 84. 


LOGAN WALLER PAGE, Director. 





PUBLIC ROADS OF MASSACHUSETTS: MILEAGE AND EXPENDITURES 
IN 1904.4 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 17,092 miles 
of public road in the State of Massachusetts. Of this mileage, 
6,621.14 miles were surfaced with gravel, 1,212.73 miles with stone, 
8 miles with shell, and 2 miles with tar-macadam, making in all 
7,843.87 miles of improved road. Of the gravel roads, 6,579 miles 
were built by the towns and 42.14 miles by the State. Of the stone 
roads, 689 miles were built by the towns and 523.73 miles by the 
State. It will be seen from these figures that 45.8 per cent of the roads 
has been improved. By comparing the total road mileage with the 
area of the State, it appears that there were 2.12 miles of public road 
per square mile of area. A comparison of mileage with population 
shows that there was 1 mile of road to every 164 inhabitants and 1 


‘mile of improved road to every 357 inhabitants. 





SOURCES OF REVENUE. 


The funds used in the construction and repair of roads and bridges 
are appropriated by the town meetings and are raised by taxation in 
the same manner as for schools, the poor, and all other town purposes. 











@ This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. The information given in the table has been secured 
from voluntary county correspondents appointed by the Department, from the select- 
men of the various towns, and from the reports of the Massachusetts highway commis- 
sion for the years 1893-1898 and 1905. Every effort has been made to verify the figures 
given, and the Department is indebted to Mr. A. B. Fletcher, secretary of the Massa- 
chusetts highway commission for valuable assistance rendered in this connection. It 
is believed, therefore, that the figures can be accepted as correct and that they will 
form a valuable basis for comparison and for future work of this kind.—Lo@an WALLER 


Paar, Director. 
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In the building of State roads, the State is authorized to pay the 
whole cost, but the counties are required to return to the State within 
six years one-fourth of the money so expended, with interest at the 
vate of 3 percent. The counties assess on the towns the taxes neces- 
sary for this purpose, including the State highway assessment. A 
town pays that proportion of the total amount assessed on the county 
for State highway construction which its valuation bears to the 
valuation of the county. 

State roads are repaired under the direction of the State highway 
commission, which is authorized to pay $50 per mile per year toward 
such repairs. | 

Of the amount appropriated each year for the construction and 
repair of State highways, 5 per cent may be expended under the direc- 
tion of the State highway commission in small towns in which no 
State highways have been built. No town shall so receive in any 
one year more than 40 per cent of its average annual appropriation 
for road purposes. 


EXPENDITURES. 


The total amount appropriated and expended by the towns for 
road purposes was $2,295,616.48 in 1904, and the amount expended 
by the State highway commission in the various counties was 
$575,605.99, making a total expenditure by towns and State of 
$2,871,222.47. Of the amounts expended by the State, $445,670.29 
was expended on construction of State-aid roads, $51,896.16 was 
expended for repairs and maintenance, $33,052.65 for small-town 
work, and $44,986.89 for general and incidental expenses of the State 
highway commission, including tree planting and automobile regis- 


tration. By comparing the total amount expended with the total — 


mileage of public road and with the population of the State, it is 
found that the funds collected and expended for road purposes 
amounted to $167.98 per mile of public road, or $1.02 per inhabitant. 
Maurice O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WasuineTon, D. C., April 17, 1907. 
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Issued May 11, 1907. 


United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 85. 


LOGAN WALLER PAGE, Director, 








PUBLIC ROADS OF TEXAS: MILEAGE AND EXPENDITURES IN 1904.< 
MILEAGE OF ROADS. 


_ The accompanying table shows that in 1904 there were 121,409 

miles of public road in the State of Texas. Of this mileage, 1,909 miles 
were surfaced with gravel, 167 miles with stone, and 52 miles with 
shells, making in all 2,128 miles of improved road. It will be seen 
from these figures that 1.7 per cent of the roads has been improved. 
By comparing the total road mileage with the area of the State it 
appears that there was about 0.46 of a mile of public road per square 
mile of area. A comparison of mileage with population shows that 
there was 1 mile of road to every 25 inhabitants and 1 mile of im- 
proved road to every 1,432 inhabitants. 


SOURCES OF REVENUE. 


A tax of not to exceed 15 cents on the hundred dollars of taxable 
valuation may be levied by the commissioners’ court of any county 
for road and bridge purposes. An additional road and bridge tax of 
not to exceed 15 cents on each hundred dollars’ worth of taxable 
yroperty may also be levied by the commissioners’ court of any 
county, if agreed to by a majority of the taxpayers. 





@ This leaflet is one of aseries issued by the Office of Public Roads, in which road 
statistics are given by States. As little reliable information of this kind has been pub- 
lished, the collection of these statistics has been difficult. Most of the information has 
been sent in by voluntary county correspondents appointed by the Department. 
Every effort has been made to verify all figures given, and in most cases local officials 
having supervision of the public roads or the public-road records have certified to the 
correctness of the figures. Nevertheless, errors may have crept in. Many roads have 
never been surveyed or measured, and in some instances careless methods prevail in 
keeping records of the collection and expenditure of road funds. This Office should 
not, therefore, be held responsible for the absolute accuracy of the figures. It is 
believed, however, that, with some exceptions, they can be accepted as fairly correct, 
and that they will form a valuable basis for comparison and for future work of this 


kind.—LoGan WALLER PaGeE, Director. 
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The commissioners’ courts of the various counties are authorized 
to issue bonds for the construction of roads and bridges, provided the 
same is agreed to by a majority of the voters of the county. 

Every able-bodied male citizen between the ages of 18 and 45, 
unless by law exempt, is required to perform not to exceed five days’ 
work each year on the public roads, furnish an able-bodied substitute, 
or pay to the road overseer $1 for each day he is summoned to work. 
Most of the counties reported an assessment of five days’ work. In 
counties having a population of 40,000 inhabitants and which have 
adopted the general road law, persons lable for road duty may pay 
into the county treasury the sum of $3 and be exempt from such road 
duty for one year. Money so paid into the county treasury is placed 
to the credit of the road and bridge fund. 


EXPENDITURES IN MONEY AND LABOR. 


The amount derived from the regular and special taxes assessed for 
road purposes and expended in cash was $1,607,217 in 1904, the esti- 
mated cash value of the labor tax was $1,594,545, and the amount 
expended from bond issues was $936,395, making a total expenditure 
for roads and bridges of $4,138,157. It will be seen from the table 
that the cash value of the labor tax in each county is the product 
obtained by multiplying the number of men drafted for road service 
by five, the number of days each man is required to work per annum, 
and this product by $1, which is the amount they are required to pay 
in case they do not work or furnish a substitute. It may also be 
observed that during the past ten years $3,250,750 has been issued in 
bonds for road and bridge purposes by the various counties. By 
comparing the total expenditures from all sources during the year 
1904 with the total mileage of public road and with the population of 
the State, it is found that the funds collected and expended for road 
purposes, including the estimated cash value of the labor tax and the 
expenditures from bonds issued in 1904, amounted to $34.08 per mile 
of public road, or $1.35 per inhabitant. 

MaurickE O. ELDRIDGE, 
Chef of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D. C., April 17, 1907. 


[Cir. 85. ] 


gi ae, 


mar SSS 


= 


Cf 


— 
i ~ tei 


<n TS 





4. = x. = 
w: a= eres = PO se 


2% 


a = ~~ voy. 


; 





Andrews. 


Brazos... 


Briscoe. . 


Cherokee 
Childress 
Cla 


Collin.... 





eee ee ee 


Collingsworth . . 


Colorado 
Comal 


Dawson. 


Delta... 


a Where no information is given in 
b Where no information is given in 
¢ Where no information is given in 
is that none was assessed. 
d No report received, as t 
e Reestimated in this O 
f No money expended nor 


eee eee ee 


(Cir. 85.] 


3 


Mileage and expenditures in 1904. 
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a No money expended nor labor performed on roads in this county. 


b No report received, as this county is but sparsely settled. 


¢ Includes 50 miles of beach road, which is reported to be as hard and smooth as asphalt after each 
tide, and also 16 miles of shell road. 

d Reestimated in this Office. 

¢ Includes 36 miles of shell road. 


[Cir. 85.] 
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Mileage and expenditures in 1904—Continued. 








Expenditures in money and labor. 
























































Toads: Cash tax. Labor tax. OnE SE Cee a 
. n 
ana @ 43 
= fH 
County. 3 ai s = = ae £3 g. ba sf £8 
of |*_ | |ES)ec2,| ge | 22 | 2Fe | G2 | BS 
& | cy S124 | Geog! oe aE | cor Aa 
ay | SF IBal 8] fv0e| Sa O% pws ai Kia 
ag |82|8S8)oe|Saacd| a5, o Gab. he oc 
eee) | 44 8 © oo'E So Sc ona Ong aa 
op H Se Leeada =I Ae Zo r= po 
Beer lee ia |< eg PEO HB i ie eat as 
Dollars. Dollars. | Dollars. | Doll 
menGail........ 300 Le 3, 000 250 1 260 ida a af yack SOS 
4, 250 
Bec 160 eeegfoe , o8 160 B00 Wee ecs meets 1, 448 
eee | eT |----- , 500 500 SG ph a 
Kimble ee. Sve Soke eal 3,000 SOE 1 S00 tse hs 4500 
ae 150 |-.-2--)-.0. 1,413 50 250,11. 2... lcs oo eee 
Me on | ape oes SWAT 300 eked 1300 
Pash hes. shames 0. “BOO: |e aA SEM hohe = 1 
Lamar. ...-.-.-- Hoe airs 33, 097 6. 77 1APDE 33,805 | ae en es 66, 952 
Memieaeass....-|  600|......|.....) 15| 5,000 |= 1,000; 5. 000; |. eek teal. ce. SO 
gar aes > ’ eoocceensceleecnnesneses 10, 000 
Lasa ee S00 Ee 3,750 "200 1, 000:|;; 5, 0004... = eee 4,750 
Bay CRie ccs <=: -- ie oe Sa ‘ a 4 ~ sy on 25, 000 9,608 43, 108 
a O00 ffs. et ee 
a Ve ies 1, 800 100A: 00000 jsenecs cae 10, 800 
Liberty. -.-.-... a500 |...... 3/0001 fe 1.387 127 6,835 (2... .c. 8h od eee 
imestone...--. SOO mers. 12,000 3, 000 15, 000 20; 000s 22ers 27,000 
Lipscomb 110 : s ; 
Live vs 7 1g ene ooh a 1 Ba eck, et 
|) Tn ee ee 000 {kee ca. eieteee acee 1,850 
ae: Besree = 2 as 275 0001 #2) 3, 000;1 ee el eee 3,275 
Lubbock \ ae 65 5: ES SC on 2,000; ier OB) |... Mion eae ae 2, 250 
Re GO | en | led... 100 
McCulloch. ..... 300 | (c) 2, 600 800 4,000 Wet oe Gah oer eee 6, 600 
McLennan ‘ae 1, 200 20 40, 000 6000: |e 20, O00ssa «ress ae) Sones, 70, 000 
pee 105 fe |. ||. 75 i POEL 44 eames 375 
Madison ORF Ti ee 2, 500 1,000 5°000:, ae ek dee 7, 500 
ce as oe cheeses 1,000 1, a 5, fe PPP EDS Pactra 6,000 
Ra ee a) we eh £40 by 20010. osha) 200 
Mason. ......... 400 ee 3, 500 450 POR gest leone 5, 750 
Matagorda ee. Vi 6,000 a750| 3,750 | 60,000 | 30,000] 39,750 
averick......- 200 se. 2, 200 500 S500 ede peel See 4,700 
fe) Sea PE Ba te : 
ete. | | 150.1... 4 2.000 |) 20st a Se 2; 200 
Midland. ....... eg ieee 1, 664 300 101,500 | goes ec 3, 164 
Milam.......... 1,450 | 50 1,000 AY 350 hin 21,780 sien eee 22,750 
See soared CEA ce ie 
meneieeee 2) | 6-200) ).. 5... BOO eee | Pe ee: 4,900 
Montague...... 600 |...... 1, 000 5] Aaa 3,000] 08 15,000-):68. 0) Se ose oe: 25, 000 
oe: rh ne apo 4,500 1, 400 | 7000 La day ue eel area aces 11, 500 
reer fe (Oem yok LN ee eo le wete chicin ne sre ain cnicilinioc as eesemla =e occ scin cyac cmiP emo sil So cs gee 
Morris......---. 900 |...... 2, 000 1,500 7, 500 2 OOH. casa 9, 500 
Motley.....-..- 45 bee 2) 776 2075 Val 1,375 (ese CR. Bane ae 4151 
Nacogdoches Q 900 bee 8, 375 3997 \eh 16, 185 fs ves acl oe 24” 560 
A@yairo...-...- EAN) eres 22, 5,000 25 O00 fete 22e8 toate ee eee 47, 000 
em toe. 202... Ze) ee See ae oh Sree ccetas 665 3395 ||. 622e2 eee eee eee 32020 
Polall......---- ‘ef Bee 15 3, 500 B00: |e 2.000 Lic ssect eet sate 5, 
paeces Seen, ee Se eee ie 7,254 a 3,500 sehr gosh coteeraes 10, 754 
oo seve ee 0 ee a 1 850 1 700 isd ee el eee 1,550 
Oldham.......- ot aes ae 0 ea 5 60 3004.1. eee "305 
Orange.....---- Wo76 |<. | cee 7| 15,000 900 4,500 | 15,000 |........-- 19, 500 
Palo Pinto..... BE. Foe) A. 25} 10,000 2,000 | 10,000 | 73,950} 40,000 60, 000 
PaMOia...-..>-- 1100 GAO Dee ea 2,000 10,000 1223235302 ebvanse gee 10, 000 
Parker ee a ev 300 |s0aee i5| 35,000 37000 | 15,000 | 25,000 |......---- 50,000 
ot). tS Se Rn Es 2 3 SR Es I Eee phate tinder wrnre dupes low fe 
ee Bet ee Pilea el eek cc ae fi 
re |. 60D |.....2|-.08. 1 2; 500 ; ’ 500 bezernidcce cece : 
a eg RE Se a Cee pooner Connie tibiae bene FS 
Peeaidio.....--. Seiticea. cole ee 10 4, 550 75 Rye PE ee Pearies Pre 3 4,925 
ae ai Cah 15 1, 800 800 revs ek kerpee Rens. 5, 800 
Randall........ ae ae Ieee 15 1) 200 60 300 5,000 122. ..:tes 1,500 
Peeean.9...-.. a Ee aR 15 500 136 oO SE eer Pee oe 1,180 
Red River...... eS aap eae 15! 10,000 Oil Rie Res ena 33, 500 





a Reestimated in this Office. 

bNo report received, as this county is but sparsely settled. q 

e Twenty miles of gravel road and 50 miles of stone road reported from this county, but these are 
evidently natural gravel and stone roads. 


d Parmer County is unorganized, and is attached to and reported with Deaf Smith County. 


[Cir. 85.] 
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Mileage and expenditures in 1904—Continued. 



























































Expenditures in money and labor. 
Miles of public 4 ee F 
roads. Cash tax. Labor tax. Road WOH wie pay. 
OH 
HO 
2a 
Se ee .| ,ae Qo: SS bE} ie = 
County. a : 2 Is ge A on 4 ed 3 os da 
A A — ~ acs n » ws 
si so o a 0 ee Me 3 iS i. A 4 het" AS 
Fo lob [oR l- Rl ASSO | 28. ‘39 pws ae 4 
40 22 /9S\08, svUm| ‘BUH ay aas, 30 os 
ais oh i ge oASstU Dg on 25 Om aS 
pe Bie ie wees LOH pe Se oss a aS 
on WH K |O8!] Fans gas ae gos AS S 
- a iam (mri = on a aa, ran 
Dollars Dollars. | Dollars. | Dollars. | Dollars. . 
INCBVES tees win - OAT Ba oe weafes oon hee ee Leite oe a al ee ee rrr 
Refieioge sess <= 1101) 2s eee 2 500 100 500 ||..: 222 eee 1,000 
Roberts. ...... BO VS o- sera ee 15 1,774 SSS oiss Bie. ee te ee er 1,774 
Robertson...... 500 16-2 3: es 15 7,500 3,000 15,000 57,000 2,000 24, 500 
Rockwall. ...-.- b2BOuUl awe. Meet 15 4,000 900 4,500 ||2s520- 5 ee 8, 500 
Runnels. th. 2<2 BOO Hae Het 15 6,000 750 3,750 19,500")... 9,750 
Se) Geer Be os Be C005) 2222-4) eee 10 2,000 2,000 10,000 »|:2 s22:0.22)s eee 12, 000 
UIE ee ae BOD, | tye A ee 15 2,000 800 4,000 (|ss2oc2- See 6, 000 
San Augustine. . 500: cco ead deseo eee eueee 900 4,500 -|o22 22-3 Senseo 4, 500 
Samvacinto.. 1 ».300,)...2- Re 15 2,004 1,100 5,500.|: .-2:>. Ale 7, 504 
San Patricio-... 138a).0.... : 15 3, 285 221 1,105.|: 2953.02) 4,390 
San Saba......- BOO sete. |. OSE 15 5, 187 990 4,950 .|.22022. cee 10, 137 
penteicher.. -... 2m ae Satpal FES 10 500 175 875 -|; c2c20r Se 1,375 
Bentrye. aso. 500 Va 5a 3. CO. 15 2, 200 500 2, 500 8,500"). eee 4,700 
Shackelford... .. BOO A. 5 ant Soe 8 1,700 300 1,500 |: 252220202). se 3, 200 
SNE Ch ae ae G00 ah Oe ae 15 2,000 3,000 15,000 |..i22 22 eee 17, 000 
SUGLIMAI ae 9: 120 he foe Fae: tae see eee 8 80 400 |. 022i. Se 400 
PALL os 2.1 1s 200 | cn wiae ls OA Sanh ete dees 3,000 15,000 |. 2/2/2222 2) 15, 000 
Somervell. ..... 250 2: Sete 15 | 900 400 2,000 jeeccs es Seles ee 2, 900 
Sealtee est ie. 350 Ses 15 3, 500 1,800 9,000 |: 22.222 eee 12, 500 
Stephens......- BOO) 2 acs) eres 15 2,500 600 3,000 20, 000}. s.2eamere 5, 500 
Sterling: .....-- DLO Ae ee 10 604 136 680 ||. ...0.. 2 1, 284 
Stonewall.....- 125 4 Soe ashy Cena cent eee seer 125 625 7, 500). 22 625 
SUE LUn ies... 900 4 Ses: eee 15 2, 500 200 1,000 .| 12,000") 2.75 3,500 
Swisher.......- OU sarki meee 15 1,300: 4. ce ceck nc oboe ole sees ee 1,300 
sarrant. 22... 1,200 | 400 |.-... 224; 72,384 3,000 15,000 |. :.52-2024) 52 87, 384 
MEVOL Se eos sc. BOO. lec zasahaeee 15 5, 500 1,500 7,500 [2022.22 Gee 13, 000 
RCRD Vir eee ier cre As. « Ce es Ped Bes Pieris mer es er PORE 
Throckmorton gyal eee a sxe 4 750 300 1,500... 34a Se 2,250 
dish) ae eee POO Wis te. ol ORE. 15 4,000 600 3,000 [055552225012 22 7,000 
Mom Green... .. BOD | co he Oe 15 6,650 870 4,350 10,000}. 2.222 11, 000 
ERE VIS voces o = s 61,250} 120] 80) 15 16; 000) | £823 S520. AE ea Ss oe Se 16, 000 
UIDIGY S236: 250°} 2528 3 OME 15 3,029 800 4,000 |. ..2-23 23)oeeeeneee 7,029 
MIyiOle oe. 22) sce SOO ewe ote ee 15 4,000 2,000 10,000 |... 3.2 ee) ooeee 14, 000 
Apaor es... - BOO. (co ncte Semele tes 6, 000 1,800 9,000 15,000 1.2.2 72e3ee 15, 000 
WipLOMeeeaaes eo. COv PN Bey. = 2 ere ww Stele oie oa. one Adtbietes Gicin'l state hele eterereillo crore ae ner rr Pree 
Wivalde. ols... SOO sce ccaie eee 7 2, 586 500 2,500 .| cc ode eats 3 eee 5, 086 
Valverde....... 500 25 |< eee 15 4, 200 1,000 §, 000 .|.- <..isece els sae 9, 200 
Van Zandt..... 1 021) fcscnc ll Game 15 4, 500 3,200: | 16,000 .|.......) 2) 20, 500 
WiGtOLIA 4. . x. = 500 RO dee 84; 10,000 1,800 9,000 45,000 ||. 22 eee 19, 000 
Walker.72$. 2.2. r LUE esc eted ese 15 4, 480 2, 500 12,500 |... +.) 323). 2e seen 16, 980 
Wallerstaecse..: 200 s)Secpeceile aoe emise |e ee 900 4,500 |s.sic0. 02 e 4, 500 
NOTQie. <1...» es ae ae 15 1,700 200 1,000 1,800*).4...25eee 2,700 
Washington. . 256;:|. 12 eee 30 20, 000 3, 500 17, 500 |...0cs. seaha ee ee 37, 500 
rs 231 15 6| 15 6,000: {. a os ee each |e 6, 000 
Wharton....... B00 bac -s axle See 25 15, 000 1, 200 6,000 20, 000: }.- 2eeenee 21,000 
Wheeler........ 1202) Oar oes 15 1,634 150 750 |... cule ee hen <r 2,384 
WICHITA. 2.5. =. S003 sac roe 224 7, 500 500 2,800 focaccia es ae 10, 000 
Wilbarger : < ... 600 Lids eet 10 3, 400 600 3,000 |. enee ete elon a oe 6, 400 
Williamson..... 1, 500 Ge fae 15 30, 000 5, 000 25,000 |. snacut ee) e ee 55, 000 
VV EL BUIEY 6 no imi 1 O00 ete ee 15 6,000 1,000 5,000 {..2.... SSeh eee 11,000 
Winkler te... 2.- (¢) [oo eotedh SESRIGL so] MOMS Soe eiee ooo oe <a neo. atecoal ate Pocorencier ety neta cena 
be ees ee 1, 456 5h Orla 25 11,658 4,500 22,500: |. 100... 01Ut. 2 eee 34, 158 
EDOM see a5 tA PR S| ee 2 15 7 2,500 12,500 Joc o<s < ieyee ee ee 17, 500 
OPK eae. 6 @'240 he own lt SEE |S occ | anes] eee seta onl eine Se cedll ee eae oe er er Wows 
OUR suis =<" BOO join snialt Sede 13 3, 800 800 4, 000 || wcewsiare oA ae 7,800 
Zapata.......-- Ph Pes FS a 1,000 950 4,750 | .0s'nert sun ee 5, 750 
AaVauar. os... 2. 120 eee eno eee eters 800 100 | 0!” §500 |. 2S. 22a ee 1,300 
Total. .2*. [121,409 |1,909 | 167 |..... 1,607,217 | 318,909 |1, 594,545 |3,250,750 | 936,395 | 4,138,157 
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a No money expended or labor performed on roads in this county. 
b Reestimated in this Office. - 
¢ No report received, as this county is but sparsely settled. 
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_ PUBLIC ROADS OF CONNECTICUT: MILEAGE AND EXPENDITURES 
| IN 1904.2 


MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 14,088 
_ miles of public road in the State of Connecticut. Of this mileage 
_ 1,8963 miles were surfaced with gravel and 4634 miles with stone, 
making in all 2,360 miles of improved road. About 600 miles of 
these improved roads were constructed under the State-aid plan. 
It will be seen from these figures that 16.7 per cent of the roads has 
| been improved. By comparing the total road mileage with the area 
of the State, it appears that thefe were 2.9 miles of public road per 
square mile of area. A comparison of mileage with population 
_ shows that there was 1 mile of road to every 64 inhabitants and 1 
mile of improved road to every 384 inhabitants. 


SOURCES OF REVENUE. 


At their annual meetings the various towns provide for the repair 
of the highways and bridges within their limits for periods not 
exceeding five years. If the towns fail to do so, the selectmen are — 
authorized to keep the roads in repair for a period of one year. 
Towns are authorized to levy highway taxes and may include in the 
tax a sum sufficient to build and repair the highways and bridges 
therein. Reports from the various towns indicate that no separate 
tax is levied for road purposes, but that the necessary funds are 
appropriated out of the general fund raised by the towns for all 
_ purposes. No road work in this State 1s done by the counties. 














a This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. The information relating to the mileage of public 
roads and also the amount expended by the State on State-aid roads was kindly 
furnished by the State highway commissioner of Connecticut, Hon. James H. MacDon- 
ald. The information regarding expenditures in towns was secured by this Office 
from the various town officials. It is believed, therefore, that these figures can be 
accepted as correct and that they will form a valuable basis for comparison and for 
future work of this kind.—Locan WALLER Pace, Drrector. 
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In 1895 the legislature of Connecticut enacted a State-aid law pro- 
viding for cooperation between the State government and the local 
town authorities in improving the main highways. 
appropriation for State aid amounted to $75,000. This appropria- 
tion has been increased from time to time; in 1904, it amounted to 
$219,165. Under this law, the State pays two-thirds of the cost of 
roads in towns having a taxable valuation of over a million dollars, 


The first annual 


and three-fourths in towns where the taxable valuation is a million - 


dollars or less. 
EXPENDITURES. 


Mileage ana expenditures in 1904. 
































Miles of public roads. Expenditures by towns and State. 
Amounts 

County. Total of | Surfaced| Surfaced| Amounts | expended by coe 

allpublic; with with |expended by; State on Be towtia 

roads. | gravel. stone. towns. State-aid y State 

roads. aoe oe 

Dollars. Dollars. Dollars. 

PSRAT ROL were ec ice cw et Res 2, 333 433 1124) 203, 735.97 26, 387.75 230, 123. 72 
IR rOrd ize 8. ct tee oe * 2,214 515 1783 130, 823. 64 41,572.50 172, 396. 14 
itch field ae ee eee ees 2,185 301 8} 136, 192.72 41, 032.50 177, 225. 22 
Middlesex sve 208 0 Me: eo 1,101 133 243) 87, 318.10 25, 320. 00 112, 638. 10 
ING WatlAVOD 2.00002 seco yeas 2, 378 2273 993, 197, 471.80 36, 027.50 233, 499. 30 
ING We ODdOD Ae eis et, ae ee 1,547 21 264; 116, 908.68 22; T1375 139, 622. 43 
2 ee aR er Ca 1, 042 10 5 34, 278. 69 11, 520. 00 45, 798. 69 
Wiandhamice sce power nes veer 1, 288 256 9 69, 230. 40 14, 591.00 83, 821. 40 
Motels Sigs ated- st es 14, 088 1, 8964 4633} 975,960.00 219,165.00 | 1,195, 125.00 








The amount expended by the towns for road purposes was $975,960 
in 1904. The amount expended by the State on State-aid roads in 


the various towns was $219,165, making a total expenditure of © 


$1,195,125. By comparing the total amount expended with the 
total mileage of public road and with the population of the State, 
it is found that the funds collected and expended for road purposes 
amounted to $84.83 per mile of public road, or $1.32 per inhabitant. 


Maurice O, ELprRipGE, 


Chief of Records. 
Approved: 


JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., April 18, 1907. 
[Cir. 86.] 
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PUBLIC ROADS OF VERMONT: MILEAGE AND EXPENDITURES IN 1904.4 





MILEAGE OF ROADS. 


The accompanying table shows that in 1904 there were 14,521 miles 
of public road in the State of Vermont. Of this mileage, 1,6724 miles. 
were surfaced with gravel and 281 miles with stone, making a total of 
1,9533 miles of improved road. It will be seen from these firures that 
13.4 per cent of the roads has been improved. By comparing the total 
road mileage with the area of the State, it appears that there were 1.58 

‘miles of public road per square mile of area. A comparison of mile- 
age with population shows that there was 1 mile of road to every 23 
inhabitants and 1 mile of improved road to every 175 inhabitants. 


| SOURCES OF REVENUE. 


The selectmen of the various towns assess annually a tax of 20 cents 
on the dollar on the grand list (taxable valuation) of their towns for 
the purpose of constructing and repairing highways. If further funds 
are needed for this purpose, they may be raised as an additional high- 
way tax. The county boards of road commissioners may assess on 
the grand list of unorganized towns or gores such taxes as may be 
necessary for the purpose of constructing and repairing highways 
and bridges. 

In 1892 the legislature of Vermont passed a law which provided 
for the assessment of an annual State highway tax of 5 cents on the 
dollar upon the grand list. In 1902 another act was passed which pro- 
vided that one-half the revenues received from the local-option license 
laws be added to the State highway fund. This law, however, was 





« This leaflet is one of a series issued by the Office of Public Roads, in which road 
statistics are given by States. The information given in the table has been secured 
from the town clerks, road commissioners and first selectmen of the various towns, 
and from the report of the State highway commissioner of Vermont for 1904. Every 
effort has been made to verify all figures given, and the Department is indebted to 
Hon. Charles W. Gates, the State highway commissioner of Vermont, for valuable 
assistance rendered in this connection. It is believed, therefore, that the figures can 
be accepted as correct and that they will form a valuable basis for comparison and 
for future work of this kind.—Logan WALLER Pace, Director. 
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only in effect for the biennial period 1903-1904. In 1904 the 5 per 
cent State highway tax amounted to $91,735.12 and the sum received 
under the revenue license laws and turned over to the State highway 
fund’amounted to $37,579.25. 
manent improvement of the main traveled thoroughfares in each town, 
village, or city in proportion to road mileage, which means that in 
permanent road building the places having larger population and 


ereater wealth assist the places which are more sparsely settled and | 


have less property valuation, since the mileage of the latter is much 
greater in proportion than that of the former. 

The present law, passed in 1906, appropriates not to exceed $300 
to any town which will vote an equal sum for road construction and 


These funds were expended in the per- 


repair. 


Mileage and expenditures in 1904. 









































Miles of public roads. Expenditures on public roads. 
County. Total of | Surfaced | Surfaced To 
all pub- with with By towns. | By State. aig towns 
licroads.| gravel. stone. and Stage 
Dollars. Dollars. Dollars. 
FAC GISO Deer ares a tiatie = 9c eee en. 1,118 158 88 33, 849. 86 9, 807. 34 43, 657. 20 
Menrmineton cee. ekee 2. ses. eee 744 200 5 40, 743. 00 6, 526. 53 47, 269, 53 
ilOCON 1 A serene eee ee hes oe 1, 169 30 5 30, 678.15 10, 254. 72 40, 932. 87 
Ghittendenseiss ceueee cee. tee | 809 190 21 16, 499. 00 7,096. 72 23, 595. 72 
HSSO Seema tees cone tenses ee 443 A de cies esie 18, 856. 69 3, 886. 10 17,742.79 
ranklinweeecs so. cote see ee oe eee 1, 024 2) veo 36, 360. 68 8, 982. 75 45, 348. 43 
PATIL s! Caper oa te scene cee ce 170 69 13 3, 498. 76 1, 491. 28 4,990. 04 
amOulereomere ee oats aoe ne 688 49 6 16, 623, 24 6, 035, 27 22, 658. 51 
(ORD 55-5 se pea as onetes eee 1, 409 62 20 29, 779. 30 12, 360. 10 42, 139. 40 
ORICA TIS Ree SE Aa eo 1,138 92 13 29, 408. 79 9, 982. 78 39, 391. 57 
UTE BT (eee eo tree ee eee eee 1,314 376 47 71, 328. 04 11, 526. 69 82, 854. 73 
Wiashino tome o2c8 23250. See 1,197 210 23 43,017. 65 10, 500. 33 53, 517. 98 
WAROHAT Gees. ove ene eee ae 1, 486 67 12 32, 718. 41 12, 596. 92 45, 310. 33 
\NARiG KO aac. Gaeta aoaceraeonos 1, 862 142 13 41, 659. 55 16, 333. 68 57, 998. 23 
Total.2. 22s See vi 14, 521 1, 6723 281 | 440,016.12 | 127,381.21 | 567,397.33 
EXPENDITURES. 


The amount appropriated and expended by the towns for road pur- 


poses was $440,016.12 in 1904, and the amount expended by the State 
on the permanent improvement of roads in various towns was 


$127,381.21, making a total expenditure by towns and State of 
$567,397.33. By comparing the total amount expended with the 
total mileage of public road and with the population of the State, it is 
found that the funds collected and expended for road purposes 
amounted to $39.07 per mile of public road, or $1.65 per inhabitant. 
Maurice O. ELDRIDGE, 
Chief of Records. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., April 26, 1907. 
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Issued August 28, 1908. 
United States Department of Agriculture, 
OFFICE OF PUBLIC ROADS—Circular No. 88, 2d revised edition. 


LOGAN WALLER PAGE, Director. 


PUBLICATIONS OF THE OFFICE OF PUBLIC ROADS. | 


Publications for’ which no price is indicated will be sent free of 


charge to persons in the United States, so long as the editions permit, 


on application to the Secretary of Agriculture, Washington, D. C. 

Applications for publications to which a price is affixed should be 
made to the Superintendent of Documents, Government Printing 
Office, Washington, D. C., the official designated by law to sell Gov- 
ernment publications. All payments should be made to him and not 
to the Department of Agriculture, and should be sent by postal money 
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PROGRESS REPORTS OF EXPERIMENTS WITH DUST PREVENTIVES. 





INTRODUCTION. 


The subject of dust prevention, owing to its direct relation to road 
preservation, is of vital importance to the road builder. During the 
past few years a number of preparations for laying and preventing 
dust on road surfaces have appeared on the market in competition 
with crude materials such as coal tar and petroleum, and it was 
therefore decided by the Office of Public Roads to carry on a series 
of experiments during the summer of 1907 with a view to determin- 
ing, if possible, the relative value of these preparations and crude 
products and their adaptability to different conditions. The project 
embraced many details and, owing to lack of funds and the difficulty 
in finding one road suitable for all kinds of experiments, had to be 
somewhat modified in the final plans and the work divided among 
three localities. Since it is the intention of the Office, at a later date, 
to issue a bulletin which shall cover the entire subject of dust preven- 
tion in detail, only a brief description of the experiments made and 
the results so far obtained will be included in this report. 


EXPERIMENTS AT WAYLAND, MASS. 
CRUDE TAR AND TAR PREPARATIONS. 


It was learned that the highway commission of Massachusetts in- 
tended to treat a stretch of road leading into Boston with a tar prep- 
aration, and arrangements were made by which the Office of Public 
Roads could carry on a number of experiments on sections of this 
road. According to agreement the necessary labor and apparatus 
were to be furnished by the commission, while the materials and 
supervision of their application were to be supplied by the Office. 

The road selected for the experiments was a mixed trap and granite 
macadam in the townships of Weston and Wayland, which had been 
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built about ten years previously and had had but few repairs since 
that time. It is part of the main thoroughfare connecting New York 
with Boston and located about 16 miles from the center of the latter 
city. : 

The automobile traftic is for this reason heavy, and this, in addition 
to teaming and other traffic, had produced serious results. In some 
cases the macadam was completely broken through. There were 
many rut holes, some of them 30 feet long and averaging from 1 to 
3 feet in width, and a large number of smaller holes more nearly cir- 
cular in shape. Over almost the entire road surface numerous small 
depressions or worn places were visible and practically all of the fine 
material was being removed by traffic as fast as it was formed. The 
No. 1 or large-sized stones protruded above the surface, and in many 
cases were scattered loose, making the road extremely rough. Every 
rapidly moving automobile which passed would, in dry weather, raise 
a cloud of dust, which would be blown over the surrounding coun- 
try, causing considerable annoyance to near-by dwellers as well as 
damage to the road. 

Tt was thought that a road in this condition would give quicker 
comparative results than one in better shape to start with, and for 
this reason it was selected, although it was fully realized that the test 
would be a most severe one and the cost considerably above the aver- 
age on account of preliminary repairs and the necessity for applying 
more of the dust preventive and a heavier surface dressing of 
gravel or screenings than are ordinarily required. Sections of this 
road as nearly alike as possible were selected for the experiments, 
which were made with water-gas tar, crude coal tar, various mix- 
tures of the two appled in different ways, and a special coal-tar 
product. 

The water-gas tar was obtained from a local gas company at $1.50 
per barrel of 50 gallons, delivered. Most of it was sent in a large 
tank wagon and the remainder in barrels. It was a thin, oily liquid, 
having the properties shown in the following table. The crude coal 
tar was also obtained from a local gas company in 50-gallon barrels 
at $2 per barrel, delivered at Wayland. It had been produced at a 
comparatively low temperature and contained a good pitch base. The 
special coal-tar product was supplied free of charge by the manu- 
facturing company in 50-gallon barrels, the Office paying freight on 
it from Boston to Wayland. It contained no water, was free from 
the extremely volatile oils present in the crude tar, and held a good 
pitch base. Its other properties are shown in comparison with the 
water-gas and coal tars in the following table. The composition of 
these materials is given in percentage volumes, and the remarks refer 


to the condition of distillates and residues when cold. 
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TABLE 1.—Specific gravity and composition of tar products. 


























a ‘ Agario=.|.t2oee Total | Residue, 
Pind of tar. Specific niniat light dead per eent 

gravity. eatan oils to Joils, 170°-| by dif- 

> LO? ©: 270° ©. | ference. 
RE Reine 1.041 2.4 “21.6 | 652.0 C24 .0 
li a ee ee EPLIEESIO 23010" S173 €26.0 154.8 
Benigtiea@prenatation........._...._...._ ie ty 0.0 |" 512.8 947.6 | 139.6 

eae St Pe ae f | 
* Distillate mostly liquid. a Distillate mostly solid. f Pitch hard and brittle. 
Distillate all liquid. ¢ Distillate one-half solid. 9 Distillate one-third solid. 


¢ Pitch very brittle. 


Labor was furnished to the highway commission under contract, 
the contractor receiving a stated per diem salary and a bonus of 15 
per cent of the actual cost of the labor supplied. This cost per eight- 
hour day was as follows: 





Meer OO ges ty stray eter dt tae uti ee et $1. 50-$1. 85 
EN CY ae cle TS DN a ee A, Bess 15 sess aden, a RELI 3. 00 
EE i le ee DO 
Foreman ______ ee ae ers eet See ae cee ee 3. 00 
SRM G OL te en eae Sete re ee ae 12. 00 


Two steam rollers were employed, and as one belonged to the high- 
way commission, the cost per diem of running it included only the 
hire of the engineer at $2.50 per day and cost of fuel. A 12-barrel 
heating kettle with a portable fire box and mounted on wheels, stiff 
street-sweeping brooms, picks, shovels, etc., a 2-horse sweeper, and 
a tank wagon for the water-gas tar, constituted the outfit necessary 
to carry on the work. 

As the road was in bad condition, it was found necessary to make 
extensive repairs before applying the tar. The places to be repaired 
were first loosened with hand picks and the No. 1 stone separated 
from the finer ‘material and returned to the holes, after which enough 
No. 2 stone was spread to give as nearly as possible an even surface 
to the road when rolled. There were, however, numerous small de- 
pressions or worn places which were too shallow to patch successfully, 
but deep enough to give the road an uneven appearance when com- 
pleted. In one section. it was found necessary to resurface the road 
completely. All extra material needed for repairs was taken from 
piles which had been previously distributed along the road by the 
highway commission, but in estimating costs, the Lath of the crushed 
rock in place was allowed for. The cost of repairs per square yard 
of road surface was from 2.6 to 3.38 cents. 

The tar was applied during the month of August and only in dry, 
warm weather. The method in general was as follows, although 
some exceptions were made which will be noted under the descrip- 
tions of the different experiments. All loose materials, dust, and 
detritus were first removed by repeated trips of the sweeper, Just be- 
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fore the application of the tar. Hot or cold tar, according to the 
experiment, was then spread upon the clean, dry road through*a 
hose connected to the kettle or tank wagon, as the case might be. 
Laborers followed the kettle, spreading and working the tar into the 
road surface with stiff, long-handled brooms. As the road could not 
be closed to traffic, it was found necessary to throw on a light covering 
of gravel or screenings almost immediately, in order to prevent pass- 
ing automobiles from picking up the tar, although it would have been 
much more satisfactory and productive of better results could the tar 
have been allowed to dry for a number of hours before applying the 
surface dressing. Finally, enough of the covering material was added 
to take up the excess tar and produce an even surface, and the whole 
well rolled with a 12-ton steam roller until firm and smooth. When 
gravel was used it was obtained from pits located near the road and 
cost the highway commission about $1.08 per cubic yard, during the 
time covered by the work of the Office. One-half inch clean trap 
screenings or pea stone, however, was used whenever it could be ob- 
tained and was furnished at $1.10 per ton by a rock-crushing plant 
located about 4 miles from the nearest section of the work. 

Before the road was entirely completed it was found necessary to 
remove the dust and waste material which had accumulated and been 
swept into the gutters. This had to be carted away and dumped in 
convenient places near the road. It added from 1 to 1.3 cents per 
square yard to the total cost of treatment. In estimating the cost per 
square yard of the different sections, these figures are included in 
proportion to the length of section treated. Work of a general na- 
ture, such as unloading, hauling, etc., is also divided proportionately 
among the different sections in computing the cost. 

Thirteen different experiments were made, four with water-gas tar 
alone, three with coal tar, three with mixtures of water-gas tar and 
coal tar, and three with special-tar preparations. The following is 
a brief description of each, with a statement of cost and the results 
obtained after three months. 


EXPERIMENT NO. 1.—WATER-GAS TAR, 


A section of road having numerous ruts and holes was first thor- 
oughly swept and repairs made where required. It was found neces- 
sary to have the sweeping done first, in order to prevent the sweeper 
from tearing up the loose stones in the patches. The unheated water- 
gas tar was then spread upon the road from the tank wagon and well 
broomed in. It was readily absorbed by the road surface and failed 
to hold a light coat of gravel which was spread and rolled down. 
Another application of tar was then made, and sufficient gravel added 
to absorb the excess tar completely. The surface was then well rolled, 
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but refused to compact properly and showed a strong tendency to 
pick up under the roller where the road was patched. Indications 
pointed strongly toward a failure, but after the road was subjected 
to traffic for a few days it was noticed that its appearance was some- 
what improved, although the patches showed signs of raveling. In 
damp weather the road showed up to advantage and no disagreeable 
mud was noticed, even after heavy rains. In dry weather the dust 
was well laid and, although the top was not firmly compacted, it 
seemed to remain in place under the action of traffic. When in- 
spected three months later, the road was in a much better condition. 
The loose surface had packed down well and the patches were hold- 
ing much better than was to be expected from earlier observations. 
The road at that time was practically free from dust and presented 
a fairly good appearance. 

The section thus treated was 1,275 feet in length. The tar was ap- 
plied for a width of 12 feet, and with an average of 0.9 gallon of tar 
per square yard. If the road had contained fewer holes and been 
less in need of a heavy top dressing, a much smaller quantity of tar 
could undoubtedly have been made to give the same results. The 
cost of application was 4.9 cents for labor, 2.7 cents for tar, and 0.8 
cent for gravel per square yard, and this, added to the cost of repairs, 
3.2 cents, and of removing refuse material, 1.3 cents, makes a total of 
12.9 cents per square yard. The entire area covered was 1,700 square 
yards. Thirteen and one-third cubic yards of gravel were apphed 
and 15 cubic yards of refuse material removed. 


EXPERIMENT No. 2.—WaATER-GAS TAR. 


The section of road treated in this experiment was in about the 
same condition as the preceding one. The cost of repairs was about 
the same per square yard, but there were not so many large holes to 
be patched. The tar and gravel were applied in the same manner to 
the road, which had been well swept and repaired, but in this case 
only one treatment of each was given. The surface was well rolled, 
but as in the preceding case, it did not compact well, although no 
tendency to pick up under the roller was observed. The surface 
improved under traffic and held well in rainy weather. No dust was 
formed and, after one week, but little difference could be detected 
between the two sections. The color of this section, however, was 
somewhat lighter than No. 1. At the end of three months it com- 
pared very favorably with No. 1, although the surface was not quite 
so well compacted. It was practically dustless. This section was 125 
feet in length, and application was madevover a width of 12 feet. 
There was used on each square yard treated 0.38 gallon of tar. The» 
cost of application was 4.9 cents per square yard for labor, 1.1 cents 
for tar, and 0.8 cent for gravel. Repairs cost 3.3 cents, and removing 
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waste material 1.3 cents, which gives a total of 11.4 cents per square 
vard. One hundred and sixty-seven square yards were treated, 14 
cubic yards of gravel applied, and 14 cubic yards of waste material 
removed. 

EXPERIMENT No. 3.—WATER-GAS Tar, 


For the purpose of determining the value of water-gas tar as a 
dust layer, without reference to its value as a surface binder, a section 
of road which was in excellent condition was sprinkled with this 
material. An ordinary sprinkling cart was used, and no attempt 
was made to clean the road surface before treatment. As much tar 
was apphed as the road would absorb without becoming too muddy. 
No dressing of screenings or gravel was applied. When dry, the 
road showed a much darker color, the dust was well laid, and no 
formation of dust was noticed for two weeks after treatment. At the 
end of three months very little dust was raised by a rapidly moving 
automobile, and the road surface seemed to be considerably hardened 
by the residual matter retained after the more volatile products of 
the tar had evaporated. | 

A length of 300 feet of roadway was treated in this manner for a 
width of 15 feet, and 0.8 gallon of tar applied per square yard. For 
the short section treated, the cost of labor amounted to 0.6 cent per 
square yard, and the material 0.9 cent, making a total of 1.5 cents 
per square yard. For long stretches of road, however, the cost could 
undoubtedly be cut down to slightly over 1 cent per square yard. 


EXPERIMENT No. 4.—WaATER-GAS TAR. 


For this experiment a short section of road in good condition was 
selected, in order to make a direct comparison with No. 3. In this 
‘ase the road was first carefully swept and the tar allowed to run 
upon it from barrels and thoroughly broomed in. A_ sprinkler 
would have served the purpose equally well, but the section was 
so short that it was not considered worth while to apply the tar in 
that way. In this case the road would absorb only 0.25 gallon of tar 
per square yard. It presented much the same appearance as in ex- 
periment No? 3, but owing to the removal of all of the dust and fine 
material it was rougher and therefore less satisfactory. No dust 
formed, even at the end of three months, but the road at that time 
lacked the thin cushion of fine material that was held by No. 3. 
From these two experiments it is evident that the presence of dust 
and other fine material on the road is rather beneficial than other- 
wise when water-gas tar is apphed. 

A section of roadway 150 feet long and 12 feet wide was treated 
in this way. The cost of application amounted to 1.3 cents per square 
yard for labor and 0.8 cent for material, while the cost of removing 
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waste material from the gutters was 1.2 cents, making a total of 3.3 
cents per square yard. An area of 200 square yards was treated, and 
1.8 cubic yards of waste material removed. 


EXXPERIMENT No. 5.—Coau TAR. 


- 


The section selected for this experiment was in about the same 
condition as that for experiment No. 1. Large ruts and holes were 
numerous and had to be patched after the road had been carefully 
swept. The coal tar was first heated to a temperature of 180° F. in 
the kettle, and then run upon the road from a hose connected to a 
draw-off at one end. <A team of horses was necessary to move the 
kettle along the road in advance of the laborers, who spread and 
worked the hot tar with brooms into the road surface as fast as it was 
run from the kettle. Four men were required to do the brooming, 
while the foreman attended to running the tar from the kettle and 
supervised the work. Cords attached to stakes driven along the sides 
of the road were first used to measure the width to be tarred, but, 
after the laborers gained some experience, it was found unnecessary 
to do this, as they were then able to keep a fairly even line by eye. A 
coat of gravel was spread over the road soon after the tar had been 
applied and rolled down to a smooth, even surface during the same 
day. The large patches showed a tendency to wave and,ypick up 
under the roller, but the rest of the surface was well consolidated. 
After one week’s service but little dust was raised by passing auto- 
mobiles and at the end of three months the road was dustless and 
presented much the. same appearance as asphalt, although the large 
patches were a little rough. The road seemed to shed water well and 
dried quickly after a rain. 

The section thus treated was 150 feet in length, 15 feet wide, and 
0.6 gallon of tar was applied per square yard. The cost of applica- 
tion was 6.1 cents per square yard for labor, 2.4 cents for tar, 0.8 cent 
for gravel, 2.6 cents for repairs, and 1 cent for removing waste 
material, which gives a total of 12.9 cents per square yard. An area 
of 250 square yards was treated, 2 cubic yards of gravel applied, and 
24 cubic yards of waste material removed. 


EXPERIMENT No. 6.—CoaL TAR. 


This experiment was made in the same manner and on a section 
of road similar in every respect to No. 5. A small quantity of the 
cold tar was first tried, but was not absorbed by the road, and could 
not be broomed to any advantage. It was found necessary to heat the 
tar to a temperature of 145° F. before it could be used satisfactorily, 
but when applied at this temperature gave results in every way as 
good as No. 5, although slightly more tar was required per square 
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yard than in that experiment. In this case, as in No. 5, the patches 
were not entirely satisfactory. A somewhat longer stretch of road 
was treated in this experiment and, although slightly more tar was 
used, the cost of application per square yard remained the same, as 
the labor item was lowered. The section treated was 600 feet in 
length and 15 feet in width, and 0.7 gallon was applied per square 
yard. For this application labor cost 5.6 cents, tar 2.8 cents, gravel 
0.9 cent, while repairs cost 2.6 cents, and removing waste material 
1 cent, making a total of 12.9 cents per square yard. An area of 
1,000 square yards was treated, 8 cubic yards of gravel applied, and 
9 cubic yards of waste material removed. 


EXPERIMENT No. 7.—CoaL TAR. 


In order to get the best results possible with coal tar a section 
of road free from holes was selected. The road had been badly 
worn and the surface was somewhat rough, but was in good enough 
condition to provide a fair test. No preliminary repairs were made, 
but the road was well swept, as in the case of the other two experi- 
ments with coal tar, and the tar applied and broomed in in the same 
way at a temperature of 195° F. A heavy coat of gravel was then 
applied and well rolled and compacted, in order to produce a smooth 
surface when completed. For some time afterwards the road was 
slightly “dusty, but at the end of three months it presented a better 
appearance than the other two sections, although not quite so much 
like asphalt. At that time it was practically dustless. 

This section was 450 feet in length and was covered for a width of 
12 feet. Only 0.42 gallon of tar was apphed per square yard. The 
cost of application was 4.4 cents per square yard for labor, tar 1.7 
cents, gravel 1.4 cents, and removing waste material 1.3 cents, which 
makes a total of 8.8 cents per square yard. An area of 600 square 
yards was treated, 8 cubic yards of gravel applied, and 52? cubic yards 
of waste material removed. 


EXPERIMENT No. 8.—WATER-GAS TAR AND COAL TAR. 


A section of road containing many ruts and holes had been treated 
with water-gas tar in the same manner as No. 2, in which section it 
was first intended to be included. As gravel could not be applied the 
same day, however, and as the surface on the next day was too dry 
to hold down a top dressing, it was decided to finish the work by 
applying coal tar before spreading the gravel. The coal tar was 
applied in the same manner as in experiment No. 5, as was also a 
top coating of gravel which was afterwards well rolled. This section 
was inspected three months afterwards and it is very doubtful if the 
presence of the water-gas tar was of any advantage. 
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The section treated was 250 feet long and 15 feet wide, and 0.3 gal- 
lon of water-gas tar and 0.6 gallon of coal tar applied per square 
yard. The cost of application was 5.8 cents per square yard for 
labor, tar 3.3 cents, gravel 1 cent, 2.6 cents for repairs, and 1 cent for 
removing waste material, making a total of 13.7 cents per square 
yard. An area of 417 square yards was treated, 4 cubic yards of 
gravel applied, and 3? cubic yards of waste material removed. 


EXPERIMENT No. 9.—WATER-GAS TAR AND COAL Tar. 


Since it was found that coal tar could not be applied satisfactorily 
when cold, it was thought that a mixture of coal tar and water-gas 
tar might be made which could_be used without the trouble and ex- 
pense of heating, and which at the same time would hold down a 
surface dressing better than water-gas tar alone, because of its greater 
body. A section of road, rough but free from holes, was selected for 
this experiment, and, after having been carefully swept, was treated 
with a mixture of equal parts water-gas tar and coal tar. This 
material was applied cold from the kettle in which it was made and 
a light covering of clean 4$-inch trap screenings or pea stone spread 
on top. The mixture was not heavy enough to hold down as much 
dressing as should have been applied to bring the surface to a per- 
fectly smooth condition, but when the road was well rolled a surface 
was formed which was fairly smooth and offered a good foothold 
for horses without increasing the resistance to traction of vehicles. 
The road was absolutely dustless when inspected three months later, 
and had worn somewhat smoother. 

A section of roadway 560 feet long and 15 feet wide was treated 
with this mixture and 0.48 gallon applied per square yard. The 
cost of application for labor was 3 cents per square yard, tar 1.5 
cents, screenings 0.7 cent, and for removing waste material 1 cent, 
making a total of 6.2 cents per square yard. An area of 933 square 
yards was treated, 8 cubic yards pea stone applied, and 8% cubic yards 
of waste material removed from the gutters. 


EXPERIMENT No. 10.—WaATER-GAS TAR AND COAL TAR. 


A slightly heavier mixture was applied in this experiment on the 
same kind of road and’in the same manner as in experiment No. 9, 
with the exception that gravel was used instead of pea stone for a 
top dressing. Five parts of coal tar was used to three parts of water- 
gas tar, and 0.48 gallon was applied per square yard. The mixture, 
however, did not hold down the gravel well. As a result, the road 
was slightly dusty for some time and, although in better condition 
at the end of three months, did not present as good an appearance as 
No. 9, and the surface seemed to be rather porous. 
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A section of road 1,000 feet long and 15 feet wide was treated in 
this manner and the cost of application was 3.7 cents for labor, tar 
1.7 cents, surface material 0.8 cent, and 1 cent for removing waste 
material, making a total of 7.2 cents per square yard. The area 
covered was 1,667 square yards, 12 cubic yards of gravel was applied, 
and 15 cubic yards of waste material removed. 


IXXPERIMENT No. 11.—SPECIAL TAR MIXTURE. 


A section of road, rough but free from holes, including a rather 
sharp curve, was selected for this experiment and, after being thor- 
oughly swept, was treated with a mixture of water-gas tar, coal tar, 
rosin, and other substances applied at a temperature of 200° F. from 
a kettle in the same manner as in experiment No. 5. <A rather heavy 
dressing of pea stone was then applied and rolled once or twice. A 
good asphalt-lke surface was formed which was free from dust and 
which, at the end of three months, made a very favorable appearance 
in comparison with the other experiments. The surface was hard 
and resilient without offering the resistance to traction noticed on 
many of the other sections. 

Two hundred feet of road 12 feet wide was treated and 0.42 gallon 
applied per square yard. ‘The cost of application was 4.6 cents for 
labor, tar mixture 2.6 cents,-pea stone 1.7 cents, and for removal of 
waste material 1.3 cents, making a total of 10.2 cents per square yard. 
An area of 267 square yards was treated, 54 cubic yards of pea stone 
used, and 2? cubic yards of waste material removed. 


]EXXPERIMENT No. 12.—SPECIAL TAR PREPARATION. 


A short section of road in such bad shape that resurfacing was 
necessary was selected for this experiment. The road was therefore 
first torn up with a steam roller fitted with spikes. A course of No, 2 
stone was then spread on and rolled and followed by a course of pea 
stone, which was also thoroughly rolled. As the kettle could not be 
dragged across this road without tearing it up, the material, at a 
temperature of 218° F., was applied by means of coal hods and no 
attempt was made to broom it in. <A large amount of the tar prep- 
aration was absorbed by the road and only a light course of pea stone’ 
was placed on top. The whole was then rolled for a short time and 
well consolidated. The road thus formed presented a fine appear- 
ance and was absolutely dustless. At the end of three months the 
appearance was still good, but a few rough and porous places existed, 
where the tar had gone through the surface and into the foundation. 
It was absolutely dustless, however. The treatment proved to be 
expensive and, unless very much better results follow than in the 
other experiments, it will prove too costly for general use. 
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A portion of road 75 feet long and 12 feet wide was treated in this 
manner and 1.5 gallons of the tar preparation applied per square 
yard. The cost of application was 14.8 cents for labor, 9 cents for 
material (reckoned at 6 cents per gallon), 3.3 cents for screenings, 
3.3 cents for repairs (not including the pea stone), and 1.2 cents for 
removing waste material, which gives a total of 31.6 cents per square 
yard. One hundred square yards was covered, 4 cubic yards of pea 
stone used, and nine-tenths of a cubic yard of waste material removed 
from the gutters. 


EXPERIMENT No. 13.—SPECIAL TAR PREPARATION. 


A section of road free from holes but somewhat rough was selected 
for this experiment. Material similar to that used in experiment 
No. 12 was heated to 185° I. and applied to the road in the same 
manner as in experiment No. 5. The road had first been swept. A 
heavy covering of pea stone was then applied and rolled down. The 
surface formed was smooth and dustless, asphalt-like in appearance, 
and apparently waterproof. In very hot weather it was somewhat 
sticky in places, but this was doubtless due to the fact that more tar 
was used than was absolutely necessary. After three months it 
presented a smooth and even appearance and was dustless. 

A section of road 490 feet long and 15 feet wide was treated in this 
experiment, and 0.67 gallon of the mixture was applied per square 
yard. The cost of application amounted to 5.8 cents for labor, 4 
cents for tar mixture, 1.9 cents for pea stone, and 1 cent for removing 
waste material, giving a total of 12.7 cents per square yard. A total 
area of 817 square yards was treated, 184 cubic yards of pea stone 
applied, and 7? cubic yards of waste material removed. 


SUMMARY OF EXPERIMENTS WITH TAR PRODUCTS. 


In considering the tar experiments it will be noticed that in almost 
every case the cost for labor per square yard is high. This was 
largely due to the shortness of the sections treated, which made it 
impossible to handle large quantities of material at one time and 
prevented systematic routine work on the part of the laborers. 
Added to this, the cost of extensive repairs and of removing large 
quantities of waste material which had collected in the gutters, the 
total cost per square yard is in most cases considerably in excess of 
what similar work could be done for under ordinary conditions: 
The following table gives in condensed form the various items of 
labor and material relating to the different experiments. 
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TABLE 2.—Cost data of tar experiments. 
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Nearly i of ie sections were in good condition when they were 
inspected in November. It is impossible at the present time to make 
decided comparisons of the values of the different surfacings, but, 
undoubtedly, after the cold rains and frosts of winter, concl naam 
may be reached as to the worth of each one, for these agencies are 


the worst enemies of work of this kind. Some facts of interest have 


already been noted which it may be well to mention at this point. 
It has been shown that water-gas tar is a satisfactory dust layer and 
preventive when used in moderate quantities on roads already in 
fairly good condition. It can undoubtedly be applied to the best 
advantage by means of an ordinary sprinkling cart on the unpre- 


pared road, and when used in this way serves to make the road sur- 
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face firm and keep down the dust for some time at a very reasonable 
cost. Its odor is objectionable at first, but soon disappears. It must 
necessarily be applied more frequently than the heavier tars, owing 
to its lack of body. Where extensive repairs have to be made before 
treatment it has but little value as a binder for the large, loose | 
material, and whether its use even in large quantities will be satis- 
factory for this purpose and for holding down a heavy surface 
dressing is a matter for the future to decide. 

At the present time some of the experiments with crude coal tar 
show up favorably in comparison with the work with special prepa- 
rations, but time is needed to decide definitely upon their relative 
merits. As regards application, the special preparation has the ad- 
vantage over crude coal tar in being less inflammable and less likely to 
boil over the sides of the kettle if heated too high, but, on the other 
hand, its cost is considerably greater. Two criticisms, which have 
already been offered by farmers to both of these products, are that the 
traction of heavily loaded wagons is increased and that in frosty 
weather the road is made very slippery and offers but little foothold 
to horses. While the mixtures of water-gas tar and coal tar, with a 
hght dressing of trap screenings, give better results in these respects, 
it is impossible at the present time to say that their use will prove 
as satisfactory or economical in the long run. A material which can 
be applied cold is much easier to handle than one requiring heat, but 
of course the latter has the advantage of containing more binding 
material or base. Where surface dressing is needed the use of clean 
4-inch screenings is certainly to be preferred to gravel, as less rolling 
is required and a better wearing surface is produced. 

The surface treatment of roads with tar is more a palliative than a 
preventive of the dust nuisance. Some more permanent treatment 
of the road is essential for lasting results. It is the intention of the 
Office in the near future to carry on experiments along the latter line, 
with the use of a well-tarred sand to supply a part of the binding 
material and to fill the voids. One of the most promising methods 
with respect to cost which has suggested itself is to apply a layer of 
this tarred sand to the bottom course of No. 1 stones, which should 
first be well rolled. The second course of No. 2 stones should then 
be applied and the whole rolled until the sand has been thoroughly 
worked into both the upper and lower courses. A surface application 
of tar should then be put on and sufficient sand or fine stone chips 
spread to bring the surface to a smooth and uniform condition when 
rolled. eae | 

EXPERIMENTS WITH OIL EMULSIONS. 


It was the intention of the Office at first to experiment upon this 
same road with calcium chloride and a number of oil emulsions, but, 
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as there proved to be no convenient water supply at hand, it was 
found impossible to give these preparations a fair trial. As a quan- 
tity of material had, however, been donated for this purpose, it was 
used to the best advantage under existing conditions and in spite of 
many drawbacks gave fairly satisfactory results and indications of 
what might have been accomplished under more favorable circum- 
stances. The materials used were specially prepared residual Texas 
oil emulsions. Both were capable of being mixed with water in all 
proportions. Upon examination, emulsion No. 1 was found to con- 
tain an asphalt-like base of 30 per cent and emulsion No. 2 a similar 
base of 57.5 per cent. They were mixed with water and applied from 
a sprinkling wagon upon sections of unswept road in fairly good 
condition. 

Two applications of emulsion No. 1 were made twenty days apart. 
A 25 per cent mixture was used, the sprinkling cart traveling three 
times over the road during each application, once down each side 
and once over the middle. As the sprinkler covered about two-thirds 
of the width of the road, the center received about three times as 
much material as the sides. The preparation was well absorbed by 
the road, which assumed a somewhat darker color, and but little dust 
was noticed even at the end of three months. <A thin coating of 
asphaltic base was retained by the road surface, which hardened upon 
drying, and undoubtedly tended to reduce the wear of traffic. 

A section 700 feet long and 15 feet wide was treated in this man- 
ner, 0.19 gallon of the oil emulsion or 0.76 gallon of the solution 
being applied per square yard. Reckoned at 16 cents per gallon, the 
cost of application was 3.2 cents per square yard for material and 0.6 
cent for labor, making a total of 3.8 cents per square yard. 

Emulsion No. 2 was applied in the same manner as emulsion No. 1, 
but in this case only one application of a 23 per cent solution was 
made. The road thus treated had a somewhat darker appearance 
than that treated with the first emulsion. The general effects were 
similar and as the material sells at the same-price as emulsion No. 1 
its use proved more economical. It was, however, a little more dif 
ficult to handle and not as readily miscible with water. 

A section 800 feet long and 15 feet wide was treated with this prod- 
uct and about 0.1 gallon of emulsion No. 2 or 0.4 gallon of solution 
was applied per square yard. The cost of application was 0.2 cent 
for labor and 1.5 cents for material, making a total of 1.7 cents per 
square yard. 

The results obtained from the use of these materials may be com- 
pared with those from using water-gas tar, when light applications 
of the latter are made by sprinkling. Emulsion No. 2 has but little 
odor, while emulsion No. 1 has a rather strong though not exceed- 
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ingly disagreeable odor, which, like that of water-gas tar, soon dis- 
appears. While the application of water-gas tar has the advantage 
of not being dependent upon a water supply, this special preparation, 
on the other hand, can be transported at a much lower rate, owing to 
its concentrated state. 


EXPERIMENTS AT WASHINGTON, D. C. 


CALCIUM CHLORIDE. 


The value of calcium chloride as a dust preventive was tested on 
the portion of the macadam driveway in the Agricultural Depart- 
ment grounds, in Washington, D. C., which connects Twelfth and 
Fourteenth streets. 

The roadway is built of trap rock, held in position by a soft lime- 
stone binder. The screenings of this binder pulverized rapidly under 
traffic, forming a light dust which passing vehicles continually raised 
into the air. It was then carried away by the wind. In this way the 
road was becoming stripped of its binding material. 

In preparation Po the treatment all dust and dirt was scraped 
from the surface of the roadway. A solution was prepared by mixing 
300 pounds of commercial calcium chloride (granular, containing 75 
per cent calcium chloride and 25 per cent moisture) with 300 gallons 
of water in an ordinary street sprinkler, care being taken to agitate 
the liquid thoroughly before applying it to insure a uniform solution. 
It was then applied from one sprinkling head, and the sprinkler 
passed slowly back and forth over the road to facilitate the complete 
absorption of the solution. Each application consisted of 600 gallons 
over an area of 1,582 square yards, or 0.38 gallon per square yard. 

The first application was made July 13, 1907, followed by a similar 
one July 15, to increase the efficacy of the treatment. The effect of 
the first two treatments was marked. No auxiliary sprinkling was 
necessary for some time, the light rains falling at intervals supplying 
all the moisture required. The untreated portions of the driveway 
lying parallel to Twelfth and Fourteenth streets were sprinkled daily 
and vehicles raised a perceptible dust, although the traffic over these 
wings was much less heavy than that on the treated portions. | 

During this time the appearance of the roadway varied perceptibly 
in color according to the moisture in the road surface, ranging from 
a light gray when dry to a peculiar grayish brown when moist. The 
brown shades were deepest over the portions traversed by the wheels 
of vehicles. The texture of the road surface was completely changed 
after the application of the calcium chloride. Before treatment, 
raveling was excessive in spots and the whole surface seemed loosely 
knit together. After the application on July 15 this condition 
changed and the road surface became smooth, compact, and resilient. 
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The third treatment was given August 3, as certain points exposed 
to the most severe wear were showing signs of raveling. The phe- 
nomena following this treatment were not unlike those attending the 
first set of applications and repeated themselves as later applications 
were made, though no further treatments were given until the condi- 
tion of the roadway seemed to demand it. Such auxiliary sprinkling 
as was necessary consisted in the application of about 0.2 gallon of 
water per square yard at a time. 

Table 3 shows cost of applications. The calcium chloride was do- 
nated by a manufacturing chemical company of Baltimore, Md., and 
is charged at the rate of! $16 per ton, f. 0. b. cars at Baleiinge A 
freight charge of 13 cents per hundredweight is added to place the 
material on the ground. 


TABLE 4.—Cost of applying calcium chloride. 








Item. / Cost. 
600 pounds calcium chloride, at $18.60 per ton___________________- pie Seals Pia 8.5 b> ie $5.58 
srinen tor 14-hours, iat. 15 cents, per. hour 2b. ko ee - 675 
1-horse sprinkling wagon for 134 hours, at 35 cents ‘per hour22 2-2 ee eee 525 
Total cost of 1,582 square yards Seen ee ay See ens Oe ce) pe Sree 6.78 
Qost* perssquare’ yard ‘at this rate_2- 2h" t8teee ee a ee ee -0043 
Tovalicost.ot five applications...) 424... | bo pie Pere Per wee see hee Pes 33.90 
Cost persquare’ yard/of’ five “applications ..22- 2) 22 ee ee .0235 





The specific gravity of these solutions ranged from 1.053 to 1.060. 


Some variation was unavoidable, as the calcium chloride in some of - 


the barrels had absorbed a large amount of moisture from the atmos- 
phere. In such cases the actual percentage of the chemical to 300 
pounds was less than where little or no moisture had been absorbed. 

At the time of the last application several hundred pounds of the 
salt remained unused. This was. divided as nearly as possible into 
two parts, to be applhed to the two wings of the driveway lying paral- 
lel to Twelfth and Fourteenth streets. The east wing received a treat- 
ment of 0.28 gallon per square yard of a solution the specific gravity 
of which was 1.145 and the west wing a similar application of a solu- 
tion having a specific gravity of 1.121. No further sprinkling was 
found necessary for the remainder of the season upon these branches 
of the main driveway. 


EXPERIMENTS AT BOWLING GREEN, KY. 


ROCK ASPHALT, CRUDE OIL, AND A SPECIAL OIL PREPARATION. 


Another series of experiments was conducted by this Office at 
Bowling Green, Ky. The materials used were Kentucky rock asphalt 
tested for its fitness as a binder in macadam construction, crude Ken- 
tucky oil, and a special preparation of residuum oils, the last two of 


which were used as dust preventives. This work was done in coop- 
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eration with the authorities of Warren County and lay just beyond 
the city limits of Bowling Green. The location of each section of 
experimental work is giyen in connection with its description. 


. ROCK ASPHALT EXPERIMENT. 

The rock asphalt used in this experiment is a natural product formed 
in the Chester group of subearboniferous rocks over a course extend- 
ing through Breckinridge, Grayson, Edmonson, Logan, and Warren 
counties in Kentucky, marking the edge of the coal fields lying in 
the western part of that State. It is a fine-grained sandstone which 
in the past has been impregnated with mineral pitch or bitumen, the 
latter averaging from 6 to 8 per cent, with a maximum of 12 per 
cent. Both appearance and impregnation are irregular, for it is 
generally found in pockets rather than in distinct continuous veins, 
and the distribution of the bitumen over the pocket ranges from a 
mere trace to saturation. 

The quarrying and first crushing of rock asphalt are not unlike 
that of other rock intended for macadam or concrete work. After 
having been broken into pieces to pass through a 2-inch ring, it is 
conducted to a series of roll crushers, consisting of parallel steel 
cylinders. The bitumen in the rock gives sufficient adhesion to carry 
the material through the rolls, once it has been forced against them. 
The finished product after crushing is a mass of individual grains 
of sand, each thoroughly coated “with a film of mineral pitch sufhi- 
ciently olutinous to cause it to adhere to surrounding ¢ orains and to 
pack very firmly if subjected to pressure. If chilled ie compacted, 
a lump becomes very hard and tough; if warmed in the hand, the ' 
bitumen becomes soft and semifluid and the individual grains of sand 
fall from the mass of their own weight. When freshly crushed it 
is of rich dark brown color with a shght luster which gradually 
disappears as the bitumen hardens and dries. 

The test was made on what is known as Cemetery pike, running 
east from the city limits of Bowling Green. It is the main thorough- 
fare leading from the southern and eastern parts of Warren County 
to Bowling Green, the county seat, and, besides being the route for 
heavy rural traffic, it passes extensive gravel beds and timber lands 
from which heavy loads are being a Rarity taken on narrow tires. 
The form of construction originally adopted was a 20-foot Telford 
road. When this surface had been worn away under traffic and the 
foundation exposed it was repaired and brought to grade with a 
sharp gravel containing about 20 per cent of sand and clay. This 
bed of gravel was about 8 inches thick, compacted. Previously to 
the experiments it was loosened to a depth of 4 inches by means of 
a spiked roller and a heavy harrow, and was shoveled out by hand. 
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The subgrade was then made to cawebont to the crown of the road- 
way, W hich was planned tobe 44 inches in 9 feet, or an average of 
one-half inch per foot. The gravel removed in shaping the subgrade 
was used for repairs on the roadway beyond the work. 

After thoroughly compacting the subgrade with a roller the wear- 
ing course of stone was laid. It consisted of limestone crushed to 

range from 1 inch to 14 inches in largest dimension and was spread 

to a uniform depth of 4 inches. This course was then rolled once 
to turn down the sharp edges of the stone and form a smooth, even 
surface. No further attempt was made to reduce the voids in the 
stone by compacting it, as these were to be filled with the rock asphalt. 
This material was then thrown on with shovels from wagons and 
dumping boards along one side of the road. It was spread to a depth 
of 14 inches, care being taken to break all lumps and to work all the 
asphalt rock possible into the interstices of the stone without dis- 
turbing the latter. 

As the work progressed the roller was kept moving back and forth 
parallel to the axis of the roadway and worked from the outer edge 
to the crown as in ordinary macadam construction. To prevent the 
adhesion of the bitumen to the wheels of the roller a light coating 
of natural cement was dusted over the rock asphalt, but it was soon 
found that in moving the roller off the work at the end of each 
rolling enough dust collected on the wheels to prevent adhesion and 
no more cement was used. The stone had not been thoroughly com- 
pacted before applying the asphalt, and for this reason a very per- 
ceptible wave in the surface preceded the roller, causing the asphalt 
to crack until after the fourth or fifth rolling. At this stage most 
of the coating had been forced into the voids of the stone, as was 
found by cutting into the surface, and very little decrease in its 
thickness was detected after the rock had come to a firm bearing. 
In this manner a section 385 feet long and 18 feet wide was paved. 

The behavior of the rock asphalt varied according to temperature. 
During early morning, when both asphalt and rock were cold, i 
worked into hard, rounded lumps, which were broken with difficulty 
with the rakes. The location of such lumps was plainly visible 
after repeated rolling, but they disappeared completely after being 
subjected to the heat of the sun. As the day grew warmer the 
material spread smoothly and compacted evenly and uniformly. A 
light but cold rain, with temperature of 65° F., impeded work for 
several hours. After a temperature of from 70° to 75° F. was 
reached work progressed well and good results were obtained im- 
mediately. The temperature of the days during the period covered 
by the work was uniform, excepting at the time of the cold rain 


mentioned above, with a maximum temperature ranging from 94° 
[Cir. 89] 


— 


er 


19 


to 97° F. during the heat of the day. The inadvisability of working 
the material when chilled and damp was apparent, for that portion 
of the road laid at a temperature of 65° F. failed to become hard 
and firm for several hours after subsequent applications had com- 
pacted satisfactorily. 

One difficulty met in this work was caused by the necessity for hav- 

ing one,half of the roadway open to traffic, while the other half was 
under construction. In order to avoid a break or distinct line between 
the parts, the inner edge of the asphalt was rolled lightly, so that 
when the other half of the work was laid the loose particles would 
unite without difficulty. As a result of this précaution an unbroken 
surface along the middle of the roadway was secured. The ready 
cohesion of the particles was further shown when, after an accident, 
it was necessary to repair a portion which had been opened:to traffic 
for three days. The asphalt and stone were removed over an area 
of 4 square feet, the stone replaced and tamped by hand, and a new 
coating of asphalt applied and rolled. After two days no evidence 
of damage or repair remained visible. 
_ As soon as one-half of the roadway had been surfaced and properly 
rolled it was opened to traffic:in the hope that the asphalt would be 
further worked into the voids of the stone by the action of wheels 
and hoofs. At first the coating rutted badly under the weight of 
the heavy loads of gravel and logs to which it was subjected and the 
smooth surface given by the roller was seriously cut by hoofs. This 
effect decreased visibly after three or four days; at the end of a week 
no trace remained of the deepest ruts and the surface had become 
smooth and compact. It then presented an appearance not unlike 
that of an asphalt pavement which has been open to traffic for some 
time. Close inspection, however, showed the presence of a slight ex- 
cess of bitumen which held a thin film of dust and fine sand closely 
and caused it to become incorporated into the surface under traffic. 
With the passing of time this excess of bitumen disappeared and at 
the end of four months very little was noticeable. 

The conditions necessary to satisfactory results from the use of rock 
asphalt in this form as a binder in macadam road construction are: 
That the broken stone of the wearing course be clean and dry to fa- 
cilitate adhesion of the bitumen and of fairly uniform size and un- 
compacted to give a large percentage of voids; that the stone be 
spread evenly and true to grade; that the temperature of the atmos- 
phere be sufficiently high to cause the bitumen to soften and allow 
_ the grains to glide over each other readily; that the asphalt be thor- 
oughly raked into the voids of the stone without disturbing the latter. 

The simplest method of rolling rock asphalt is to have the roller 
move forward as far as the work permits, returning with but little 
lateral change of course. Any great change in the course of the roller 
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accompanied by rapid guiding movement of the trunnion roll causes 
the loose asphalt to slough over the stone surface and tends to make 
it adhere to the trunnion roll. For similar reasons sudden starting, 
stopping, and reversing are to be avoided until the material has been 
thoroughly compacted. If the roller is driven upon newly spread 
material a distance less than its wheel base, at the same time working 
from the outside to the crown of the road, the drive rolls may always 
be kept upon partially compacted material. In this manner the roll- 
ing may be kept abreast of the spreading, little damage being done in 
case of rain or sudden cold, and any defects in the work will become 
apparent as the work progresses. 

The stone, labor, teams, and roller were furnished by the county 
authorities. Labor ranged from $1.20 to $1.25 and teams cost $3 per - 
‘day of ten hours. The roller was loaned to the county for this work 
and the cost of operating it was $2.50 per day for the engineer plus 
the cost of fuel. The water for the roller was taken free of charge 
from the city mains, but as a team was kept constantly to supply 
water and coal to the roller this amount is charged in the item of roll- 
ing. About 65 cubic yards of gravel was removed in shaping the 
subgrade and used to repair the gravel surface beyond the point 
where the work stopped. The cost of loading and hauling this ma- 
terial is charged against the asphalt work, while the spreading, roll- 
~ing, and sprinkling of the gravel is charged against repair work in 
the preparation of the roadway to receive a treatment of oil. This 
item is referred to again in the discussion of the cost of experiments 
in the use of oil as a dust preventive. The unit cost of rolling is 
large in proportion to the actual cost of the roller to the county, by 
reason of the short length of road surfaced. As a consequence the 
roller was frequently idle, though under steam. 

Two factors lent themselves to increasing the cost of spreading the 
asphalt: The inexperience of the laborers in working the material, — 
and the long haul to which it was subjected. The former would have 
been materially reduced after a few days, but the latter was unavoid- 
able and resulted in packing the rock asphalt so firmly that. it re- 
quired great additional labor afterwards to break the lumps. The 
stone was delivered on the roadway at $1.20 per cubic yard and was 
spread 4 inches thick uncompacted, making the cost per square yard 
delivered 13 cents. The rock asphalt was donated, but is charged in 
the following table at its market price of $5 per ton f. o. b. cars at 
Bowling Green, and the cost of loading and hauling it is included in 
its unit cost delivered on the work. It was spread about 14 inches 
thick, or at a rate of 24.5 square yards per ton. 
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_ The following table contains an itemized statement of the cost of 
the various processes of the work: 


TABLE 5.—Cost data of rock asphalt experiment. 





| Cost 
| 








; rN Percentage 
Ttem per square | Totaleost. 
| yard. of total. 

; Cents, Dollars. | Per cent. 
RMS T Ae wee She. Wer mel sss Sy CT tare pee Say. aie | 5.66 43.60: 11.8 
SELES OEL TWO hd Recs LTS, SI IS SI TR eA we vo 13871 105.60 28.8 
CMOnERCITIDEN LOU OM Pete eat ewy DE RE! AMEE gh Eee) fy .78 5.97 17 
STOR Ome penne ed OR ee Ne ee .09 .67 aR 
LEE UESDISe (OTT aio eed 5 OO OR eee pe ee eee een ee 23.77 183.10 50.0 
SEERA Loe an, eee en ee ee he na 1.44 11.068 Bel 
Siastinte METS TT Al tee ateae ey We omit Ca Oe oes. ete) dees | 2.18 16.783 4.8 

4. ER Se on ae eee oe ee te 2 ee <n ae 47.63 366.79 100.0 


As has already been stated, the finished road surface was similar to 
an asphalt pavement which had been open to traffic for some time in 
its dark-brown color and smooth even finish. Practically httle im- 
pression was made on the surface by traffic after a week, except on 
very warm days, and this was not sufficient to impair its appearance 
or value. Incisions into the surface revealed a dense coating of dust 
and sand about one-eighth of an inch in thickness thoroughly incor- 
porated in the bitumen. This served at once as a wearing surface 
and as a protection to retain the bitumen in the sand below. Only 
at one or two points did the limestone of the wearing course protrude. 
This occurred where the rock had been disturbed after it had been 
rolled and had been forced up into the asphalt layer. Rolling and 
traffic had left it flush with the surface, however, and its presence 
was considered as a defect in the appearance rather than in the wear- 
ing quality of the roadway. 

After four months the appearance of the roadway had undergone 
no appreciable change. Along the crown a few more particles of 
limestone were exposed to view. This was undoubtedly due in large 
measure to the effect of traffic in forcing the asphalt into the voids 
of the stone, for a large part of the traffic is confined to the center of 
the pavement. This development was not regarded as of serious con- 
sequence, however, as the rock along the axis of the roadway had been 
more or less disturbed while the asphalt was being laid, and it is 
probable that the few protruding stones were those which had been 
raised above the general plane of the rock surface and were not cov- 
ered to the same depth by the rock asphalt as surrounding rock. 
Incisions into the asphalt at this time revealed no perceptible loss by 
drying or hardening of the bitumen, as the sand particles showed 
their normal inclination to move when warmed in the hand. 

The permanence of macadam construction depends largely upon 
the nature of the binder used and the ability of traffic to supply by 
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attrition the material which is removed by wind and water. It was 
to test the adaptability of rock asphalt as such binding material that 
this piece of construction was undertaken. The pavement formed is 
dustless. There is no appreciable wear of the surface material to be 
‘raised and carried away by the wind as dust and such dirt as may be 
carried upon it is readily removed by sweeping or flushing with 
water. There is sufficient adhesive power in the bitumen to serve as 
a cement to hold the stone of the wearing course in place, giving at 
once a smooth and waterproof surface. It is resistant to deforma- 
tion under a load, yet sufficiently plastic to break the severity of the 
blow from a horse’s hoof, and thus, in a measure, avoids the harmful 
effects of rigid pavements on animals. 

Observations will be continued to determine its resistance to wear 
and weathering and its general utility as a macadam binder. 


OILS. 


In: connection with the work on rock asphalt experiments were 
made to determine the comparative value of a residuum oil prepara- 
tion and crude oil as dust preventives. The oi! preparation is a pat- 
ented mixture of residuum oils combined with a view to obtaining such 
proportions of asphaltic and lighter oils as shall be best fitted for im- 
mediate dust laying and permanent improvement of the roadway. 
The crude oil was from Saltlick, Ky., and was a normal Kentucky oil 
with a semiasphaltic base. These tests were made on Cemetery pike 
beyond the point where the rock asphalt work ended. 

The general condition of the gravel roadway was unsatisfactory for 
the purposes of such a test. The cross section of the roadway was 
quite flat, the crown having been completely worn down by continued 
use, so that lateral drainage was defective. There were also extensive 
pockets of loose material, characteristic of roads made of gravel con- 
taining a large percentage of sand and clay. An effort was made to 
repair these patches or pockets by removing the loose sand and fine 
gravel and filling them with new material which was then sprinkled 
and rolled. It was not considered advisable, however, to reshape the 
cross section of the roadway, for the reason that this would have re- 
quired the loosening of the entire road surface and the addition of 
new material to bring it to grade and crown. In this reconstructed 
condition the gravel would have been very porous and insufficiently 
compacted to retain the body of the oil on the surface of the roadway. 

Heavy rains. had fallen for several days preceding the application 
of the oil, and although the road surface was quite dry there was a 
large amount of moisture in the roadbed. This prevented the rapid 
absorption of the oil by the gravel before the evaporation of the 
lighter oils took place. ! 
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The oils were applied over a width of 12 feet of the roadway by 
means of an oil sprinkler adapted to the uniform spreading of heavy 
liquids. The flow of the oils was regulated according to the needs of 
the roadway, dusty portions and newly repaired places being given 
more than the average section of roadway. As a consequence of this 
unequal application the roadway after oiling presented a uniform 
“appearance. 

The first material to be applied was the oil preparation. In order 
that none of this oil should be carried to the asphalt work a space of 
500 feet was left untreated between the two sections. A tank load of 
760 gallons was spread over an area of 841 square yards, giving an 
average of 0.903 gallon per square yard. At the time of application 
the temperature of the oil was 87° F., due to its exposure to the sun in 
the tank wagon. It was heavy and was absorbed very slowly by the 
gravel, about four days being required to cause it to become thor- 
oughly incorporated into the surface of the road. After this time 
the gravel became compact and showed few traces of wheel marks 
except at points where repairs had been made, in which cases the 
cementing process took place more slowly. 

In the case of the crude oil the application was first made on one 
side of the roadway to allow traffic to pass over the untreated side in 
order to avoid any harmful effect to rubber tires. The other half 
was then treated the following day. Being more fluid, it was ab- 
sorbed more readily than the oil preparation, but its first behavior 
and effect were quite similar to the latter. In fact, there was no per- 
ceptible difference between the appearance of the two sections after 
four days had elapsed. The odor of the crude oil was slightly more 
pungent than that of the oil preparation. In all, five tank wagons of 
crude oil, or a total of 3,712 gallons, were apphed to 4,416 square 
yards of road surface, making an average of 0.84 gallon per square 
yard. 

In order to compare the effects of oil on gravel and on macadam 
roads an experiment was made on Scottsville pike, leading south from 
Bowling Green. This was a limestone macadam road 12 feet wide in 
good repair, laid on a Telford base. The traffic over this road was 
similar to the traffic over the gravel road. At the time of treatment 
there was a thin coating of about one-eighth inch of dust on the road- 
way, consisting largely of powdered limestone. This roadway was 
given an application of 755 gallons over an area of 1,452 square yards, 
making the rate per square yard 0.52 gallon. 

A slight change in the method of treatment was necessary because 
of the high crown of this road, which was more than 1 inch per 
foot. The oil was not applied uniformly over the entire width, 
but instead a width of 6 feet in the middle was treated heavily while 
the edges were lightly oiled. Any excess of oil along the crown 
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flowed over the portions less heavily oiled and was’ absorbed before 
reaching the earth shoulders. This prevented a waste of the oil and 
placed the heaviest application on the part of the roadway subjected 
to greatest traffic. This roadway absorbed the oil more rapidly than 
did the gravel road. This was due to the lighter application, to the 
greater porosity of the soft limestone, and to the fact that the better 
lateral and longitudinal drainage of the macadam road had left it 
drier after rains. 

The cost of applying the. oil was slight because of the ease with 
which it was spread with the sprinkler. The tank car containing the 
crude oil was placed on a trestle siding in a coal yard and the oil 
drawn off by gravity, thus saving time and labor in pumping. A 
team and driver at $3 per day and an operator estimated at $2 per 
day were required to do the work. The relative decrease in the cost 
of application as the area treated increased, while the facilities for 
spreading the oil remained the same, is due to the fact that the addi- 
tional time required to empty the tank wagon when the valves were 
partially closed was not at all proportionate to the increase in area 
covered; nor was this additional time a factor of importance com- 
pared with the longer time required to drive to and from the tank 
car to fill the sprinkler. The very low cost of application in the case 
of the macadam roadway was due to its short distance from the 
siding on which the tank car stood. | 

The repairs to the gravel road were referred to in discussing the 
rock asphalt work. The charge for this item includes the removal of 
worn-out material and the spreading, sprinkling, and rolling of the 
new gravel. Such ditching as was necessary is also included in this 
item. The following table gives a statement of the cost of repairs, 
materials, and application of the oils: 


TABLE 6.—Cost data of oil experiments. 



































Cost per 
Experiment. Item. eS pie 
| ee vers : 
Cents. Dollars. 

Repairsiand ditehin ges eset eee 0.57 4.79 
1) OPES eS eee Se eee cts 110.00 
Special oil preparation__________ + AD plicationcs=s- = sem aes) se eee 47 3.93 
| Total cost eee Ate 1 Tes BY ye ho ee 
Repairs and ditching__..._..________. 133 14.38 
(0) | Meee ee pete ee hee 4,46 196.94 
Orude oil on gravel road_____-___-_------- . ADDNCHUON Mees srace tt ae awe | .16 7.28 
Total costes. Jets AO SPE Bos 218.60 
NO ee eee neato nee Seer an seed 2.75 40.00 
Crude oil on macadam road_____-_---- Application__------------------------. ll : 1.64 
Total cost... ee eeee 2.86 41.64 
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It is to be regretted that no statement can be made of the compara- 
tive results obtained from the application of the two oils. The entire 
area treated with the special oil preparation and about 1,100 square 
yards of that treated with the crude oil were covered with a coating 
of gravel in the fall, concealing the original road surface and all 
traces of the oils. Beyond the point where this gravel was laid down 
the crude oil was plainly visible and its effect marked. The surface 
gravel was closely knit together and all dust and sand particles were 
well coated with oil. The entire road surface presented a uniform 
appearance and there was no trace of the repairs made at the time of 
application. Rain had fallen just previous to the inspection and 
there was no dust, but it was evident from the appearance of the road 
surface that it was ordinarily quite dustless. Statements to this effect 
were also made by competent observers. 

On the macadam road the effect of the treatment was less marked 
than on the gravel road. The discoloration was less pronounced and 
there were no oil-coated particles to be found because of the perfect 
absorption of the oil by the limestone dust. However, the effect of 
the oil could be seen in the wheel tracks where the dust coating was 
more closely compacted. 

No complaints had been made that the oil caused injury to rubber 
tires, paint on vehicles, or to clothing; on the other hand, as soon as 
the wholesome effect of the treatment by oil became evident the city 
of Bowling Green took immediate steps to treat sections of streets 
within its limits subjected to the heaviest traffic. The results of such 
applications were reported to be entirely satisfactory. 


FURTHER REPORT ON EXPERIMENTS MADE AT JACKSON, TENN., 
IN 1905 WITH TARS AND OILS. 


TAR EXPERIMENTS. 


An average quantity of 0.45 gallon of tar per square yard was 
used in this experiment. It was placed on the road at a temperature 
of from 160° to 190° F. The material used came from Alabama and 
was a by-product from the manufacture of coke. It was practically 
free from moisture. 

The road on the levee to which tar was applied has suffered several 
breaks owing to a flood, in which case parts of the road were washed 
away entirely, though it is apparent that the application of tar pre- 
vented the washing away of the road surface on the portions that 
remain intact. 

Street-car tracks are laid on the street forming one side of the city 
square. This street was treated with tar. Owing to improper bal- 
lasting of the tracks, sand and earth are constantly washed down 
upon this tarred surface. For this reason the success of this experi- 
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ment has been considerably lessened. All other places where tar was 
applied are still in excellent condition, with the exception of one 
street which sustains very heavy country traffic at all seasons of the 
year. This stretch of road is densely shaded and only a thin surface 
crust ever dries out. Wheels have picked up this thin crust and the 
tar has accordingly disappeared. No repairs have been made on the 
other streets which were treated with tar since the material was 
applied and the absence of mud or dust on these roads is noticeable. — 
The dust is blown off the surface and the small amount of mud that 
forms is washed away by each rain. The results of these experiments 
with tar have been on the whole very satisfactory. 


OIL EXPERIMENTS. 


Several grades of oil were used in these experiments, varying in 
quality from a light crude oil to a heavy residuum. About 0.48 
gallon of crude oil was apphed per square yard and 0.71 gallon 
residual oil on a like area. The crude oil was used cold, but the 
others were heated. 

No further treatment or repairs have been made to the roads 
which were treated with oils. A report from the city engineer of 
Jackson, Tenn., under date of February 25, 1908, states that the 
crude and steamer oils have left no appreciable effects, but that good 
results are still apparent where the roads were treated with the 
residual oils. These latter roads are still practically dustless and 
all washing has been prevented. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


Wasnineton, D. C., March 16, 1908. 
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United States swe loerde ne Koriculture, 


OFFICE OF PUBLIC ROADS—CIRCULAR NO. go. 


LOGAN WALLER PAGE, Director. 


PROGRESS REPORTS OF EXPERIMENTS IN DUST PREVENTION, 
ROAD PRESERVATION, AND ROAD CONSTRUCTION. 


INTRODUCTION. 


During the summer of 1908 a number of experiments in road preser- 
vation and construction were conducted by the Office of Public Roads 
in cooperation with various municipalities. It is the purpose of this 
circular to present a brief description of these experiments and also 
to report the results obtained from experiments conducted along 
similar lines in previous years. Complete descriptions of these earlier 
experiments will be found in Circulars Nos. 47 and 89. The experi- 
ments with asphaltic preparations, tar preparations, and residual oil 
made at Newton, Mass., in 1908 are reported on pages 2 to 10; the 
experiment at Independence, Kans., with earth-asphalt, on pages 10 
to 12; and those with tar-slag, tarred slag, and tarred slag-limestone 
macadam made at Birmingham, Ala., on pages 12to0 15. Four experi- 
mental sand-clay roads built in Kansas are described on pages 15 to 
19. Further reports on various experiments conducted by the. 
Office in previous years will be found on pages 19 to 23. 

It will be noted that the experiments with dust preventives 
and road binders made in 1908 differ from those of earlier years. 
mainly with respect to the manner of application of the various 
dust preventives and road preservatives. While the earlier experi- 
ments were concerned with the surface treatment of old roads, 
the later ones deal principally with the treatment of roads avin 
construction or reconstruction. It is the belief of the Office that 
where new roads are being built or old ones are being resurfaced 
it is far better policy to incorporate a suitable binder with the road 
material at that time than at a later period to attempt to prevent 
deterioration by means of surface applications when the surface is 
worn and dusty. While the initial cost of such work will, of course, 
be somewhat greater, it should prove more economical in the long 
run where proper materials are employed in a suitable manner. 
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EXPERIMENTS AT NEWTON, MASS., IN 1908. 
ASPHALTIC PREPARATIONS, TAR PREPARATIONS, AND RESIDUAL OIL. 


The experiments at Newton, Mass., were conducted by the Office of | 
Public Roads in cooperation with Mr. Charles W. Ross, street com- 
missioner of Newton. All labor, apparatus, and road stone were fur- 
nished by the city of Newton. Some of the binding materials were 
donated by manufacturers and others were purchased by the city. 
Direction and supervision of the work were furnished by the Office of 
Public Roads. | 

Cabot street, running west from Center street and connecting New- 
ton with Newtonville, was selected for all experiments excepting No. 
11. This street had been macadamized to a width of from 19 to 25 
feet about twenty years previously and was badly in need of resurfac- 
ing. The grade varied from 1.5 per cent to 6.35 per cent. This road 
is subjected to an ordinary mixed traffic in which automobiles pre- 
dominate. 

Crushed field and cobble stone was furnished for part of the work, 
but for the greater portion chlorite schist obtained from the city’s 
quarry was used. The length of haul was considerable, four loads 
per team per day being the maximum and three loads the minimum. 
The laborers were for the most part skilled in road work and were fur- 
nished from the regular city force. The cost of labor per eight-hour . 
day was as follows: 


feo ADOT. 4) 4 ete $1, 75-$2.,25 |; Double teams... .:£.4... — 4. ee eee $5. 25 
em Seth toe oC eet ee aE 2.50.1 Roller:.c)-...4----. ae8 10. 00 
Re TOPLOA IG) eae cc's snlsinieici oe eee U | Roller operator:...2: 22-25 aco ee 2. 50 


The cost of broken stone at crusher was figured at 93 cents per 
cubic yard, sand at 69 cents, and gravel at 7 cents. Account was 
taken of all miscellaneous expenses, such as lumber for stone gauges, 
wood for heating purposes, drayage, interest on capital invested in 
apparatus, etc., and divided among the different experiments. Of 
the various binders used the asphalt preparation was figured at 13 
cents per gallon, oil and refined coal tar at 8 cents, and refined water- 
gas tar at 74 cents. This included freight charges. As some of these 
materials were furnished free of charge, their cost could only be esti- 
mated, and for purpose of comparison can, if desired, be eliminated 
in considering the various experiments, provided the quantity em- 
ployed is taken into account. In different parts of the country their 
cost would vary, so that for estimation of similar work done else- 
where the cost at the given location should be substituted. 

Owing to the distribution of the laborers and their employment in 
various kinds of work during the same day, as well as to occasional 
losses of time which are unavoidable in experimental work, it was 
impossible to determine accurately the increased cost of construction 

[Cir. 90] 





3 


over that of ordinary macadam. As the average cost of macadam 
per square yard 1 inch in depth has in the past amounted to 10 cents 
in the city of Newton, it would seem fair to deduct this amount from 
the total cost and consider the remainder as additional cost. New 
material was applied to a finished depth of 4 inches, so that the total 
cost per square yard minus 40 cents will give a close approximation of 
the additional cost. The cost data of the different experiments are 
given on page 10. 

All work was carried on during the months of August and Septem- 
ber, the weather being cool. No bituminous material was mixed in 
wet weather, nor applied while the under surface was wet. With 
exceptions noted under the various experiments, the work in general 
was carried on as follows: The entire road was first spiked up and all 
stones over 3 inches in diameter removed by hand; soft places were 
filled with gravel and the road brought to a crown of one-half inch to 
the foot and well rolled with a 20-ton steam roller. A 24-inch course 
of crushed stone not larger than 24 inches in diameter was then spread 
on, water applied, and the whole rolled until compact and solid. A 
foundation of this kind was constructed as a base for all of the experi- 
ments. As soon as the base was thoroughly dry a 24-inch course of 
warm bitumen-covered stone was spread uniformly over the whole 
surface and rolled until firm. The surface was finished according to. 
methods described under the different experiments. 

The bitumen-covered stone was prepared at the crusher in the 
following manner: The bitumen was heated in two 2-barrel kettles 
to a temperature of about 225° F., and at this heat was sufficiently © 
fluid to be applied. It was then dipped out in a gallon measure 
and poured over thoroughly dried and heated crushed rock. The 
quantity of rock was carefully gauged and the sizes proportioned as 
given under the different experiments. All mixing was done on a 
large wooden platform and the stone turned with long-handled 
shovels until perfectly covered. Two complete turnings were usually 
sufficient. The hot mixture was then hauled to the road and applied. 
The stone was heated on semicylindrical heaters, approximately 8 
feet by 34 inches, closed at one end and fitted with smokestacks, 
wood being used as fuel. With a good fire, it was found that the 
stone became sufficiently hot to mix in a very short time, so that the 
operation of covering the heater with fresh stone and removing the 
hot stone was almost continuous. Two of these heaters were used 
for the large-sized stone and one for the small. In mixing, it was 
found advisable to first place a measured quantity of fine material on 
the platform and cover this with the proper amount of coarse material, 
after which the bitumen was applied. While being turned, each pile 
was carefully raked by a laborer equipped with an ordinary asphalt 
rake. 
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It was found most economical and convenient to mix batches of 
stone weighing approximately 1,300 pounds and to employ sufficient 
labor to mix two batches at one time. By proper arrangement of 
labor, 1 foreman and 15 men could thus mix 37 cubic yards of material 
per day. 

The various binders were delivered in barrels and were exceedingly 
viscous liquids at ordinary temperatures. The asphalt and oil prepar- 
ations could be run from the bung, but in some cases it was necessary 
to destroy the barrels containing the tar preparations in order to 
remove the contents. The results of examination of these various 
preparations are given in Tables 1 and 2. 


TABLE 1.—Properties of asphaltic preparations and residual oil. 
I Pp prep 

















Asphaltie 
Kind of test. prepara- Residual oil. 
tions. 
POGGIO TAVILY 20 2 Jap Os. ee te Sane eum ele reece 2 Oren ome ee ee 1.127 0. 994 
ASIST eS ee gee Sn as Serger sai my ere A eel ay oh ey ea AP ae 473° F. (245° C.) 
Volatilization tests: Per cent. Per cent. 
Ossian ee ates (L005 Ce) alten SOUTS pa seas ee ee ch eee ene 1.35 0:25 
Loss at 325° F. (163—° C.) after 7 hours..... 2 PA nih hie lok A Ne A Aa SS ot 5 5 He 11.74 . 85 
Mosstat 400° a(204 > GC.) sitter. 7, OUTS ic. bie ere ae ee le See ae 19. 36 5. 30 
TEAS C6 TOYS a ines cen ies ay Meee sine ce Ee is ea S BoA ies on a se a 80. 64 b 94. 70 
Distillation tests: ¢ 
Disvulace to VL0 7 C., per CONtO Ya VOlUMeC sss eee ae. Seen ree (@) ‘ll 23. 
Meht olsv1107C. to L70> CC. per cent by, volume 2 .2ee7s. gen Sees a eee 
Heavy oils, 170° C. to 240° C., per cent by volume ................... 26.3 (|. 5 2 oe ee ee 
SOMME. LOCAL OLLUIMIE <8 oot. Seek. ec at eee toe oe ce Se ee ee eee 96. 62 99. 85 
oreanieumat lor imsoliuble inmiCSoee caeeee cet aoe ee sears eee, ee a 3. 18 15 
PRAOT SAO G HILAL LOD tee ee Mee eee ec etree ae Ai ott Bete eee eer tytn eee 20 - 00 
ADORE ES ca Sie Siege ig aie A lad i gas gM 2h ae BP alt Ue S Coe Vat 100. 00 100. 00 
asoilbiedn COlp ior Boot e doen aioe see s eee eee eee ee ea tee 8.61 °\0_2.. . a ee 
imsolupledwn 90;per cent benZols-- ict eee. anche eee gee a Oe ee ge ne 6.21, |... 20 38 cee 
Bitumen insoluble in 86° naphtha .........-.......-. a MMe ae eae Meee TE, ao 5. 40 











a Cracked; hard; brittle. 

» Soft; semiasphaltic; pulled to thread. 

¢ Distillate to 170°, when cold held about one-twelfth its volume of solids. Distillate 170° to 240°, when 
cold held a very small amount of solids. This distillate separated into two layers of oil, one apparently a 
petroleum and the other a tar product. 

d Trace. 

e Per cent total bitumen, 5.46. 


TABLE 2.—Properties of refined tars. 


| Coal W ater- 





Kind of test. 








tar. gas tar. 

at Bie J PON ARE BEBO eee | : 

BpPecinceravityi25 = Ci25o Go we. pee MEALS Rin bor Merete es Con eee ae ee | 1. 221 1.165 
Distillation tests: | Per cent. | Per cent. 
Disullotesoillo® OF pericentiby volumes. Sa.2cccueee ok ee Ce ae ee ae | eee 0.0 0.0 
otal light,oilsito 170°C., percent by VoOluImmGs-..- 77) eae ee see eee eee 1.6 6.3 
Total dead oils,.170°'C.~270° C., per cent. by volume ~..........2......--2e2 2-2. 28. 5 51.9 
rircn residue by Giftefence... 07.5, 20) a; angen ae ee ees ees eee ies eee ; 69.9 41.8 
POUR ree. 6 ab cele c) be Oe oh he Fate 5 wich tak Oe ae See ee ee oe ee 100. 0 100. 0 
POLO Cos total DItUMEeN.-2ck lsc eens ee es eee ed con eet eee ae ee alg: ER 97. 47 
rganic matteriinsolublemt CSe itt ies oe eee eet eat eee ee eee es 18. 18 2.53 

Inorranie mattete.|.c.3. eet tence fee eee ee Rs ee Pe et ys sen his AE : 

OURS a actorn seis Sa ce we cia eters Ge cin eS ce rte Pe ey ean ~ 100. 00 100. 00 

Tnsokuble:im 90 per-cent benZ0l-o ecco eee wie ne ese tee eee ee ee eee 18. 48 5. 34 
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When cold, the light oils from the coal tar contained about one- 
eighth their volume precipitated naphthalene, while only a trace of 
naphthalene was found in the water-gas tar distillate. The dead oils 
from the coal tar contained about one-third their volume precipitated 
naphthalene and from the water-gas tar about one-twelfth their vol- 
ume. The residue from the coal tar was brittle and nonlustrous; 
that from the water-gas tar was brittle and lustrous. 


EXPERIMENT No. 1.—ASPHALTIC PREPARATION. 


Upon the base prepared as previously described a 24-inch loose 
coat of hot bitumen-covered stone was placed, and rolled with the 
20-ton steam roller untilfirm. Theuse of asmaller roller weighing not 
over 8 tons would have been preferable, but none of that size could 
be readily obtained. In this experiment the stone and bitumen were 
employed in the proportion of 960 pounds of 14 to ? inch stone to 350 
pounds of ? to + inch stone to 5 gallons of binder. This mixture could 
be rolled while still hot without sticking to the roller, and when firm 
averaged 2 inchesindepth. A light coat of stone screenings one-half 
inch to dust was applied in quantity sufficient to fill the surface voids, 
and the whole well rolled. The finished road while quite solid was, of 
course, not so dense as though a more carefully proportioned mineral 
aggregate had been employed. Stones of this size, however, were 
more easily mixed by hand with a less amount of binder than would 
have been required had a greater proportion of fine material been 
employed. | 

The section treated was 222 feet in length and averaged 23 feet in 
width, giving a total area of 567 square yards. The amount of 
binder per square yard amounted to 0.54 gallon. 


EXPERIMENT No. 2.—ASPHALTIC PREPARATION. 


In the section reserved for this experiment it was intended to use a 
mineral aggregate containing some material finer than one-fourth inch 
in diameter, in order to reduce the percentage of voids. At the time, 
however, conditions were such that in order to keep the laborers con- 
stantly employed it was found necessary to carry on the mixing at 
two different places. No fine material being available at one of these 
points, a mixture similar to that described in Experiment No. 1 was 
the best that could be obtained. At the other mixing plant the 
same formula was employed, with the exception that stone from 
2 inch to dust was substituted for that running from ? to } inch. 
Alternate loads of the mixtures were applied to the road. Other- 
wise the experiment was identical to No. 1. 
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Three hundred and ninety feet by 23 feet and 109 feet by 19 feet of 
road surface was constructed in this manner, giving a total of 1,226 
square yards. The binder consumed amounted to 0.54 gallon per 
square yard, as in Experiment No. 1. 


ExpEeRIMENT No. 3.—ASPHALTIC PREPARATION. 


This experiment was in every way similar to Nos. 1 and 2, excepting © 
that all of the bituminous mixture was made up in the proportion of 
960 pounds 14 to ? inch stone to 350 pounds ? inch to dust to 5 gallons 
of bitumen. The stone running from ? inch to dust was used just 
as it came from the crusher. Shortly after consolidation a number 
of weak spots developed in all three of these sections and had to be 
patched with hot bitumen. This raised the total cost of each 0.99 
cent per square yard. 

A section 479 feet in length by 20 feet in width was treated in this 
experiment, giving a total of 1,064 square yards. The same amount 
of binder per square yard was consumed as in the preceding experi- 
ments. 

EXPERIMENT No. 4.—ASPHALTIC PREPARATION. 


Instead of a surface application of stone screenings as in Experi- 
ment No. 3, a coating of tarred sand was applied in this trial section 
in a quantity sufficient to fill the surface voids and produce a surface 
somewhat resembling sheet asphalt. Refined coal tar was used for 
this purpose and both it and the sand were heated before use. The 
additional cost of labor and material amounted to 5.86 cents per 
square yard; but the general appearance of the street was greatly 
improved, and it is believed that this surface will prove to be more 
water resistant and of better wearing quality than that produced in 
Experiment No. 3. 

A section 93 feet in length and 20 feet in abn was treated in this 
manner. The total area covered amounted to 207 square yards. A 
mixture of 0.5 gallon of asphaltic preparation and 0.18 gallon of tar 
was used upon every square yard so treated. 


EXPERIMENT No. 5.—ASPHALTIC PREPARATION. 


This section of road was treated like No. 3, with the exception that 
a flush coat of the hot asphaltic preparation was applied to the bitu- 
men-covered surface before spreading the stone chips. This was 
done by pouring the material from buckets and while hot sweeping it 
into the surface with stiff long-handled brooms. Somewhat similar 
results could have been obtained with less bitumen by painting it upon 
the surface, but the other method was used in order to make sure that 


the voids were filled as completely as possible. An increase of 1.12 
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gallons per square yard thus occurred, and the cost, including that of 
labor and material, was raised 17.12 cents per square yard. 

A section 98 feet in length and averaging 204 feet in width was 
treated in this manner, the total area covered being 223 square yards. 


EXPERIMENT No. 6.—ASPHALTIC PREPARATION. 


This experiment was similar in every respect to No. 5, with the 
exception that a flush coat of the hot refined coal tar was aie . 
instead of the asphaltic preparation. 
A section 33 feet in length and 24 feet in width, giving an area of 
88 square yards, was treated in this manner, 0.54 RaTlan of asphaltic 
preparation and 1.14 eae of coal tar bane consumed per square 
yard. 


EXPERIMENT No. 7.—ASPHALTIC PREPARATION. 


On account of the patching which was required in Experiments 
Nos. 1, 2, and 3, it was thought advisable to construct a section in 
the same manner as No. 3 with the addition of more bitumen. Six 
gallons was therefore substituted for 5 gallons ini the formula for 
Experiment No. 3. The results-were more satisfactory, as no patch- 
ine was afterwards required. The cost per square yard was, how- 
ever, raised 1.24 cents. 

A Pection 232 feet in length and 24 feet in width was thus treated. 
The total area covered was 618 square yards, and 0.71 gallon of as- 
phaltic preparation was applied per square yard. 


EXPERIMENT No. 8.—RESIDUAL OIL. 


This experiment was similar to No. 7, excepting that the semi- 
asphaltic residual oil was employed in nine of the asphaltic prepara- 
tion. After construction the road was not quite so firm as the surface 
produced with the asphaltic preparation, owing to the lubricating 
properties of the oil. The surface was somewhat roughened by 
horses’ hoofs, but otherwise appeared fairly satisfactory. 

The section treated was 74 feet in length and 23 feet in width, or an 
area of 189 square yards. The oil consumed per square yard 
amounted to 0.79 gallon. 


EXPERIMENT No. 9.—REFINED WATER-GAS TAR. 


In this experiment refined water-gas tar was used in the same 
manner and in approximately the same quantity as was described in 
Experiments Nos. 7 and 8 for the asphaltic preparation and oil. The 
resulting road was similar to that obtained from the use of the 
asphaltic preparation. 

, Ninety-three feet of roadway 25 feet wide, giving an area of 258 
square yards, was treated in this manner, and 0.81 gallon of tar per 
square yard was consumed. 
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EXPERIMENT No. 10.—REFINED WATER-GAS TAR. 


In this experiment the road was constructed as in Experiment No. 
9, except that a coating of tarred sand was substituted for the top 
dressing of stone chips. The finished surface was similar to that 
described in Experiment No. 4 and resembled sheet asphalt. The 
same kind and quantity of sand and tar were used as in Experiment 
No. 4. 

A section 326 feet in length and 24 feet in width, giving an area of - 
869 square yards, was treated in this manner. A total of 0.81 gallon 
of refined water-gas tar and 0.18 gallon of refined coal tar per square 
yard was consumed in this experiment. 


EXPERIMENT No. 11.—Mo.uasses-O1t-Lime. 


For this experiment a section of Summit street running north 
from Bellevue street, and varying from a 4.3 to an 8 per cent grade, 
was selected. While subject to less traffic than Cabot street, 1t was 
badly in need of resurfacing and the same general method of preparing 
the base was therefore followed.- The binding material for the upper 
course was composed of a mixture of molasses, oil, and lime. 

In certain sections of the country considerable quantities of waste 
molasses or blackstrap are produced in the manufacture of sugar. 
This material has but few uses and is therefore sold at a low figure in 
the neighborhood of the sugar refineries where it is produced. It is of 
an exceedingly sticky nature and when combined with quicklime 
produces calcium sucrate, which upon standing sets into a dense, 
sticky cement. This cement is somewhat soluble in water and for 
this reason can not in its natural state be used in localities subjected 
to frequent rains. An attempt was therefore made to waterproof it 
by the addition of a semiasphaltic oil with which it would be emulsified 
for the time being. From laboratory experiments a combination of 
these materials was devised which gave indications of suitability as a 
road binder. As the policy of the Office has always been to further 
the use of local products in the construction and treatment of local 
roads whenever possible, it was thought worth while to construct a- 
short experimental section of road, using this material as a binder in 
order to determine its practical value. In the neighborhood of 
Boston, blackstrap molasses is sold at a very much higher figure than 
in localities near where it is produced, so that the cost of construction 
of this section of road was much greater than it would be in those 
localities. ; 

The binder was prepared in a large mortar box by first slaking 320 
pounds of quicklime with 108 gallons of water. As soon as the lime 
was completely slaked, 92 gallons of molasses was added and thor- 
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| 4 oughly mixed with it, after which 50 gallons of the semiasphaltic oil 


was stirred in. While the preparation was still hot it was mixed 
with the graded stone in the same manner as has been described for 
the bituminous mixtures, except that in this case the stone was not 
first heated. Eighteen gallons was applied to every 1,310 pounds of 
stone, and the concrete thus produced was hauled to the road and 
laid as soon after mixing as possible. When rolled it produced a firm 
and resilient surface upon which heavily loaded teams produced no 
wheel marks one-half hour after it had been laid. Under the action 
of the roller a small portion of the oil came to the surface, so that a 
light application of stone chips was required to put the surface in 
good condition. 

The section treated was 351 feet in length, 186 feet of which was 
174 feet wide and 165 feet 13 feet wide. The total area covered was 
600 square yards, and 0.92 gallon of molasses, 0.5 gallon of oil, and 
3.2 pounds of lime per square yard was used. The labor item was 
exceedingly high in this experiment because of the inexperience of 
the workmen in preparing and handling the material. The cost of 
molasses was figured at 11 cents per gallon and of lime at 60 cents per 
100 pounds. 


SUMMARY OF EXPERIMENTS CONDUCTED AT NEWTON, MASS. 


Besides the experiments already described, one other was made 
on Cabot street, in which sand was used and covered with a very 
weak preparation of lime and molasses as a top dressing. This 
experiment proved a failure, and its description and cost are therefore 
not included in this report. 

After three months’ wear all of the sections which have been 
described are in good condition, so that it is impossible to compare 
them satisfactorily. If any comparison were made, however, those 
sections covered with tarred sand seem to be best, and that con- 
structed with oil as a binder not quite so satisfactory as the others. 
After a winter’s wear, the defects in the least satisfactory sections 
should become apparent, but among those which are in good condition 
at the beginning of spring it is possible that a much longer time will 
be required before a choice can be made. In regard to this, as well as 
all other work of an experimental character, it may be said that the 
cost was greater than that which would be involved in the construc- 
tion of long stretches of road where the work could be arranged and 
carried out more systematically. Table 3 gives in condensed form 


- the cost data of all of the experiments described. 
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TaBLE 3.—Cost data of experiments at Newton, Mass. 






































Labor per square | 
iieperi yard “ mak 1 se Screen Sand per 
y : k att stone per | stone per| ings per 
tent Binder applied. ‘A -|" square square square gear 
; On road. | Mixing. yard. yard. yard } 
Cents. Cents. Cents. Cents. Cents. Cents. 
1 | Asphaltic preparation........... 20. 23 6. 76 4. 46 5. 40 1.00 jo seen 
2) Be hae Oo ns pete AM ee mae Meee 20. 23 6. 76 4. 46 5. 40 1. 00 1}. ceeeeeee 
Suscecs GO sdk he ces Ss es Bee se 20. 23 6. 76 4. 46 5. 40 1.00) |e eee 
4; Asphaltic preparation and coal- 
tarred. SANG? aan soe ee eee ene 2-410 9. 69 4. 46 5.40) (2 See 0. 64 
5 | Asphaltic preparation with flush 
coat of same material.......... 23. 59 6. 76 4. 46 5. 40 1.0033 eee 
6 | Asphaltic preparation with flush 
COATOL COB ar: cee conse Sees 26. 48 6. 76 4. 46 5. 40 1. QOS. See eee 
7 | Asphaltic preparation........-..- 20. 23 6. 76 4. 46 5. 40 1.00 | 32 eae 
REI MEL OSE USL Olle te cinc ete aerate tee 20. 23 8.73 4. 46 5. 40 1.00 Tees eee 
Oa WiGlOr-PaS Talo oe ence see Soe ee 20. 23 8.14 4. 46 5. 40 | 1. O0Vli 2 See 
10 | Water-gas tar and coal-tarred 
SAMUS shot, See ace 23. 10 11.07 4. 46 5.40 lee oeee .64— 
11 | Oil, lime, and molasses mixture. . 26. 96 9. 02 2:79 7.01 , 92 0 ee Soran 
Miscell | Total cost. 
Experi- | Binder per eng ond Patching ‘i 
ment Binder applied. square Reoune per square 
No. yard. oe d yard. Per square| Entire 
bean yard. section. 
Cents. Cents. Cents. Cents. Dollars. 
1 | Asphaltic preparation ...........- 6. 97 isl 0. 99 46. 92 266. 04 
Dil eee GO FARA ee eco oe eee re eee 6. 97 1.11 .99 46. 92 578. 05 
Dal eee LO ee ere eee aa 6. 97 Tela . 99 46. 92 499. 23 
4 | Asphaltic preparation and coal- 
ATCC SANG e ees ee eee ere 8. 38 i Deg Bi esl ag pres a 4 52. 78 109. 25 
5 | Asphaltic preparation with flush 
coat of same material........... 21.72 ch ee eA aa 64. 04 142. 81 
6 | Asphaltic preparation with flush 
conor Coalitar tc. o--eepeenee 16. 06 Tat is See eee 61. 27 53. 92 
7 | Asphaltic preparation............ 9. 20 gE ple A 48. 16 298. 11 
SeMNESLOUA OM: Saeee here Ve ae nee 6.35 DU Sear e ar eye Ge 47. 28 89. 36 
ORIMNValer-Cas talaas.. SAkece. Bae. sees 6. 21 PRMD ieee Pee F Pie. 46. 55 120. 10 
10 | Water-gas tar and coal-tarred 
SSC oe aoe cea LE eae 7. 62 LD WERE ee 53. 40 183. 70 
11 | Oil, lime, and molasses mixture 14. 57 LP VL) ee oa oe ee 62. 34 374. 04 
AD OAL s,s Rothe cha IS ee Res eT Sa ee | 2,714. 61 












































EXPERIMENT AT INDEPENDENCE, KANS., IN 1908. 


EARTH—ASPHALT. 


In this experiment an attempt was made to construct an earth- 
asphalt road with an artificial asphalt preparation having the following 
properties: 


Specific gravity 25° C./25° C 
Penetration 77° F. (25° C.) No. 2 N, 

Loss at 212° F. (100° C.) after 5 hdl 
Loss at 325° F. (163— 
Loss at 400° F. (204-+° C.) after 7 hours 
Residue @ 


9 30).) Eten Tl’ OUTS EY wh ets os tee ee ee eee 


per cent. . 
doses 





RO bee 


a The residue was practically the same as the original material. 
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ys 

100. 00 

Berner icieein CCl, nee. ue een Pe) ET ie eine 5 one 0. 00 
memosuole in 66° naphtha ):...4.2)..22.02.-.. TE TOA ous Pee do.... 420,26 


This material was used at the request of the manufacturers. A 
more suitable product could have been obtained by cutting it with 
crude oil or with a volatile distillate in sufficient quantity to insure a 
proper absorption by and better mixing with the soil. 

Tonopah street, running the length of two city blocks, and Minne- 
haha street, for three blocks adjoining it, were selected for this experi- 
ment. A treatment of some sort ‘was most urgently required, as 
these streets were almost impassable during winter weather. 
Tonopah street for a length of 300 feet was composed of a slate- 
colored gumbo which proved very difficult to work. The remaining 
500 feet consisted of a buckshot clay which pulverized rather easily. 
With the exception of a few spots of gumbo, Minnehaha street was 
composed of disintegrated shale and argillaceous sandstone. Before 
treatment both streets were graded by city contract and this cost 
is not included in that of the experiment. 

The artificial asphalt was furnished free of charge by the manu- 
facturers at their plant, about three-fourths of a mile distant from 
the road. It was delivered at a temperature of about 400° F. and 
run into a tank wagon made by mounting a small boiler, 8 feet in 
length by 4 feet in diameter, upon a farm wagon. In this way no 
expense was incurred for heating. The material was sprinkled upon 
the road at a temperature of about 350° I’. by means of a 3-inch gas 
pipe 6 feet long with one row of one-half inch holes bored at a dis- 
tance of 14 inches from each other, and two rows of one-fourth inch 


‘holes similarly spaced. This device was fitted to the outlet of the 


boiler and rested about one foot above the surface of the road and at 
right angles to its length. Considerable difficulty was experienced in 
keeping the holes from becoming clogged, even when the outlet valve 
was wide open. 

The road was plowed to a depth of 6 inches and the earth pulverized 
as completely as possible with a disk harrow and plank drag. It was 
found impossible, however, to pulverize the gumbo satisfactorily. 
The asphalt was applied at the rate of three-fourths of a gallon per 
square yard, after which the road was well harrowed and more 
asphalt applied as before. The road was again well harrowed and 
the earth: and asphalt moved back and forth across the road with a 








a Bae cent total Ca 20. 34. 
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grader, this method of mixing proving most satisfactory of any that 
was tried. The road was then plowed to a depth of about 5 inches, 
pulverized, and asphalt applied and mixed as before, after which 
water was put on until the road became quite muddy. Mixing was 
continued for some time with the road grader and disk harrow. An_ 
attempt was made at this point to use a tamping roller for mixing, 
but this had to be abandoned, as the spaces between the teeth became 
completely filled by the time it had traveled 300 feet. The road was 
left in this condition until it became fairly well dried out, when the 
tamping roller was tried again. A hard crust had formed on the 
surface of the section of gumbo and very little good was derived from 
tamping. The road was then shaped and rolled with an ordinary 
roller. It was found that the asphalt was not readily absorbed by 
the soil. Recent heavy rains, however, caused a finished portion of 
the road to become fairly muddy and traflic then seemed to produce 
an excellent mixing, so that in time the road may improve. The 
cost data for the 5,218 square yards constructed will be found in 
Table 4. 


TaBLE 4.—Cost data of earth-asphalt road, Independence, Kans. 























Cost per Cost per 
Item. ae square Item. pai, square 
a yard. ees yard. 
Preparing road forasphalt....| $29.00 | $0.00556 |} Loading and unloading roller. $6.00 | $0. 00115 
Applying asphalt........5..2: 50. 20 OOSOZ APA Splialtia ee or ee ee eee 1, 243. 95 - 23840 
MrxineOn roads .Jo-4h2 22402). 83. 20 . 01595 a 
Tamping and rolling......... 43. 40 . 00831 "Ova ee oe eee 1, 474.15 . 28251 
Sprinkling with water........ : 18. 40 | . 00352 











@ The cost of the asphalt was estimated at $20 per ton, and for this purpose the weight per gallon at tem- 
peratures 410° F. to 440° F. was calculated at 73 pounds. The amount of asphalt per square yard at the 
temperature applied was 3.18 gallons, or at 60° F. was 2.98 gallons. At the latter temperature 1 gallon of the 
asphalt was found to weigh 8 pounds. 


EXPERIMENTS AT BIRMINGHAM, ALA., IN 1908. 
TAR-SLAG, TARRED SLAG, AND TARRED SLAG-LIMESTONE. 


All experiments at Birmingham, Ala., were made on a road known 
as the Duck Pond road. This is the shortest route from Birmingham 
to Ensley, and the road is subjected to a very heavy traffic of drays 
and automobiles. In these experiments the old road was entirely 
reconstructed. <A 24-foot tar-treated macadam with 5-foot shoulders 
was built and the grades were reduced to less than 5 per cent. The 
materials employed were blast-furnace slag, limestone, and tar. 
The slag was produced at the neighboring town of Bessemer. It 
was hard and acidic in character and contained a large percentage 
of glass. The limestone was quarried and shipped from a point 


about 40 miles south of Birmingham. The tar was obtained from 
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by-product coke-ovens and was produced at a low temperature. It 
had the properties given below: | 











IESE 20, Osos ues nko e ane ae Barbas ol. soap hone. 1. 169 
Seumoniacal water, per cent by volume.../-...............-...-2.2.02224- 371 
metat nent oils to.1709 C., per cent by volume:.-.............-.22.20.2004! 16.3 
motal dead oils, 170°-270° C., per cent by volume...............-.----..-- 30. 7 
Pitch residue by difference, per cent by volume..........................- 49.9 
eck Bust A SRR Sse Bam Ae SAS ht a ao OR A aD a 100. 0 
mereeicue..per cent by- weight..2-1i.: 2. sel) yon de dass eens wee eee. 55. 0 
Mn vi pericent: benzal, per cent.-..:.-...-— -.5- 4-4. -.6c0de0-2-8- 6.7 


This was a crude coal tar, and when cold about three-fourths of 
both light oils and dead oils solidified. The pitch residue was dense, 
lustrous, and brittle at ordinary temperature. Had it been practi- 
cable to distill off the ammoniacal water and total light oils a much 
more suitable product would have been obtained for this kind of 
work. 


EXPERIMENT No. 1.—TARRED SuLAG-LIMESTONE MACADAM. 


In this experiment a section 750 feet in length was constructed in 
three courses. The first course was composed of slag as it comes 
from the pit, placed 54 inches deep at the center and 44 inches deep 
at the edges. After rolling, a second course of the same material was 
laid 44 inches deep at the center and 34 inches deep at the edges. 
This course was also rolled, after which slag screenings were applied 
and rolled in. It was noticed that the slag by itself did not bond 
even when rolled after a heavy rain. After the road had become 
thoroughly dry, the tar was heated in a 2-barrel kettle and applied at 
a temperature of about 175° F. It was poured over the surface at the 
rate of 1 gallon per square yard by means of common watering pots, 
fitted with fan-shaped nozzles. A light course of limestone screen- 
ings was then spread over the tar to prevent it from sticking to the 
roller. The tarred surface was rolled until consolidated as well as 
possible. The lower courses, however, waved and tended to disrupt 
the surface bond if rolling was carried on for too long a time. 


EXPERIMENT No. 2.—TARRED SLAG-LIMESTONE MACADAM. 


For Experiment No. 2 a section 2,300 feet in length was selected. 
The first course was laid as in the previous experiment, but the 


second was composed of 1 to 14 inch crushed limestone, placed 4 


inches deep at center and 3 inches deep at the edges. After being 
rolled, a third course of one-half to 1 inch crushed limestone was 
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applied to the depth of 1 inch and rolled until smooth. The tar was 
then applied as before. After standing for a few days, limestone 
screenings were applied and rolled in. 


EXPERIMENT No. 3.—TARRED SLAG MACADAM. 


In Experiment No. 3 a section 450 feet in length was treated in the 
same manner as in No. 1, except that the second course was com- 
posed of crushed slag which had passed a 14-inch screen and been 
retained by a 1-inch screen. This section required the same amount 
of slag screenings as the first and the immediate results were quite 
similar. Sections cut from this road showed that the tar had pene- 
trated for about 14 inches and that the voids in the lower courses 
had been well filled with fine material. 


EXPERIMENT No. 4.—TARRED SLAG MACADAM. 


Experiment No. 4 was made upon a section 900 feet in length, the 
first two courses of which were laid and rolled in the same manner as 
was described for No. 1. Tar was applied as before and slag screen- 
ings spread after the tar had stood for two or three days. As this 
_ was the last part of the road to be constructed, and as the weather 
conditions at that time were exceedingly unfavorable, it was found — 
impossible to finish the section satisfactorily. A length of 175 feet 
of this section was treated, however, with a second application of tar 
at the rate of 0.51 gallon per square yard and produced better results. 


EXPERIMENT No. 5.—Tar-Suac MACADAM. 


In Experiment No. 5 a section 100 feet in length was constructed 
in the same manner as in No. 3, with the exceptions that the second 
course was only one-half as thick and that a hot mixture of slag and 
tar was applied to the first course in sufficient quantity to bring the 
surface to the same grade as in the adjoining section. Slag screen- 
ings in the proportion of 25 per cent were added to the coarse slag 
while being mixed with the tar, and 16 gallons of tar was mixed with 
every cubic yard of slag. The tar and slag were both heated and 
mixed in a mastic kettle. Owing to the same conditions as have 
been described under Experiment No. 4, the results were not satis- 
factory. The cost data for these experiments will be found in 
Table 5. 
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TaBLe 5.— Miscellaneous data of experiments at Birmingham, Ala. 


























‘ Cost per Cost per 
Cubic : Square Total 
Item. cubic square 

yards. yard. yards. a d.a cost. 
eS) RS Oe ee ir ee a 205870. 30 We o0Ne208), Weaeeeiee ce! $0. 395 | $4, 735. 74 
ESTES CIEE N DEST ps a de Bee a OO ei eae es a I Ne a a BR 0 ne ei Be . 027 320. 60 
Slag placed on road (slag and stone sections)......_.. 1,167.57 | 1.0000 6, 133 .190 | 1,167.57 
Peeve Diaced OMrOad Li). 222.22. ola sol es 1, 043. 9 2. 2634 6, 133 . S004 |. 2oorraD 
Slag piaced on road (slag section).................... 2,918. 93 99932 5, 867 .497 | 2,916.95 
EE Cte 288 tS hk ee. edie Coe WBE cult Sloboda. = tpn ees wee [2 oad bdo ae . 044 526. 60 
(SHAG TPG TREN 06 fg lS ORG ane gree ee en a ee (ee 12, 000 . 007 89. 52 
araoar rolling, ald repairing machinery - 2... 222/222. .22. io... ok). ca ke. . 033 392. 00 
EMU HHITSR OPTIONS OL Je cas ee cats Sones oe ee ey bale Jee aks . 038 460. 04 
RE ns APSO. Shida Ak Meee Aa oe CERN Rees pape oe, anh sain baat oe . 023 279. 50 
is eee Pt AES er AOU LE LEO as Ree ve oa tk oe e et aees laid ees cede pede [AE ee 13, 251. 05 











a The average total cost per square yard was $1.10. 
b The number of gallons of tar applied was 13,700, at a cost of $0.0384 per gallon. 


EXPERIMENTS MADE AT GARDEN CITY, DODGE CITY, BUCKLIN, 
AND FORD, KANS., IN 1908 WITH SAND-CLAY. 


In the semiarid portions of Kansas and Nebraska there is an exten- 
sive area of sand hills. These hills are usually parallel to the rivers 
and vary in width from a few hundred yards to several miles. They 
are continually shifted by the winds, and hence road building in this 
region is a difficult problem. Good road material is scarce and the 
country is sparsely settled. In many localities there are no road 
materials except an alkali soil, gypsum clay, or a gumbo-like sedimen- 
tary clay. 

EXPERIMENT AT GARDEN CITY, KANS. 

At this point sand hills run parallel to the Arkansas River on the 
south side and form a strip nearly 7 miles wide. A careful inspection 
of the vicinity revealed no available road material except occasional 
deposits of gypsum clay distributed irregularly across the sandy belt. 
From two of these deposits was taken the material used in the con- 
struction of the road at this place. The first pit was opened about 
900 feet east of the road and the other near the roadside. From the 
first pit 68 cubic yards was hauled, but it was then abandoned because 
of the distance of haul and because the clay showed a lack of binding 
power. The road was completed with material from the second pit. 
The farther down in the pit the stickier was the clay and the better it 
compacted after the addition of sand. 

The problem to be solved in this case was the best method of hand- 
ling the local material, gypsum clay, so as to produce a road with a 
wearing surface capable of resisting the action of the constant winds, 
which are generally from the south. For this experiment a section of 
road 765 feet long, situated on the slope of a sand hill, was selected. 

The clay was hauled directly upon the road, down the center of 
which a width of 12 feet had been staked. The clay covering was 
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spread to a depth of about 9 inches immediately after it had been 
dropped on the road. The clay was hauled over the loads previously 
deposited and all holes so made were filled at once. Traffic was 
allowed upon it and this compacted the clay firmly. During the time 
of hauling the clay no rain fell, but after the hauling was completed 
a heavy rain soaked the clay and the road was finished as follows: 
While the road was wet a spike-toothed harrow was put on and the 
clay completely pulverized. Then five furrows were backfurrowed 
on each side of the clay, thus raising the sand shoulders above the 
clay center. A split-log drag was now put on the road and the sand 
thus raised by plowing was pulled from the shoulders upon the clay 
and thoroughly incorporated. The road was then smoothed and left 
for travel. 

While the construction of this road followed closely’ the ordinary 
method of sand-clay construction, still there were some variations, 
owing to the peculiar conditions to be met, as has already been 
explained. It was believed that a surface was necessary which would 
resist the occasional heavy showers incident to this climate and at 
the same time the action of the winds. Therefore the clay having 
the greatest tenacity was selected. Because of the dryness of the 
climate it was deemed best to proportion the clay far in excess of the 
sand. While the clays available may not be altogether desirable, still 
any clay that will pack under traffic will improve greatly the heavy 
sands found in this locality. 

The cost data of this experiment follow, and also the miscellaneous 
details of all four sand-clay experiments (Table 6). 


Sirippine-clay.1N Pit.'..te tsop canis bene cele ye oe ee ee ee $7. 17 
Plowing up clay in. pita. 202 on ees Se ee 10. 50 
Loading clay. into, wagons;. uel: ) ends, ant eee eee ee 33. 00 
Hanline clay to Todd: y oo... ee. eos eee ee ce eee eee 39. 50 
Spreading clay on‘road?i"s Punt Pee BOL, cere er eee 10. 00 
panding) harrowing, and finishing roados. 3.322. 2.202. epee 22 Oe 
CGost;ot clayion road ipericubic ward 2420. Se ee oe eee . 40 
Cost per square yard..ofypart clayed: 2-024. er 0k ee cuit 
HALO Der MIG... decks ee toe ee ee oe ee ee .. 707. 45 


TABLE 6.— Miscellaneous data of sand-clay experiments. 





Length of | Entire {| Width of | Depth of 
Place. road width of | clayed clay 
treated. road. part. layer. road. 





Clay 
Surface 
hauled to clayed. 











Feet. Feet. Feet. Inches. | Cu. yds. | Sq. yds. 
GardeniCity 2.0 tos Fee Mees Seo) eee 765 30 12 9 256 


ote Clty iho cs le eee 9,750 30 14 a11| 3,703-)0) ieee 
Huplelavis hiss sh. ees eee eee ae 4) 971 30 14 12| 13.883 6,644 





1s) 79 AO igh il ee ce WM aE Bae RE AS A Oh, 350 30 | 16 13 179 622 














@ Depth of clay and sand. 
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EXPERIMENT AT DODGE CITY, KANS. 


The same natural conditions exist here as at Garden City, and the 
sand hills are on the same side of the river, though only 2 miles wide. 
A section of the road leading to Mineola, Kans., was selected, and 
after the work was started the citizens became much interested and 
urged that the entire 2 miles be hard surfaced. This was done. 

The general plan of construction at this place was similar to that 
at Garden City. A deposit of clay was found near the middle of the 
section to be improved, formed from silt from an old irrigation ditch 
nolongerinuse. The water had been allowed to run into a large basin, 
and about 4 acres were covered to a depth of 18 inches with this fine 
silt. It had thoroughly dried out, so that when plowed up it was in 
excellent shape for handling with shovels. This material was almost 
eritless and became very sticky when wet. Although this may be 
regarded as an unusual condition in this locality, nevertheless re- 
sults may prove it expedient to use a river silt for road purposes in 
other irrigation districts when practicable. If this material had not 
been found the road would have cost fully 50 per cent more. 

The entire roadway was 30 feet wide. In the center of this a 14- 
foot track for clay was laid out by plowing two furrows 14 feet apart. 
The dirt was thrown out toward the side gutters. Beginning at the 
middle, the 14-foot part was plowed by backturrowing the dirt 
toward the center. This formed a crown in the middle of the part 
to be clayed. Next, this was harrowed and the subgrade completed 
with a small grader. The shoulders were then made by running a 
furrow outside the subgrade and backing up the first furrow on each 
side. ‘Two more such furrows were run, and in this way the shoulders 
were formed at least 10 inches higher than the subgrade. If the cross 
section is level, a toothed harrow is excellent to prepare the subgrade 
after it has been plowed as has been described above. When it is 
necessary to move material from one side to the other, or to carry 
material along in the subgrade, a 2-horse grader will be found useful. 

After the subgrade had been prepared the clay was hauled and 
dropped three loads abreast. The center loads followed the center 
line exactly, and to this end a line of center stakes was set 200 or 300 
feet in advance of the clay hauling. It was then an easy matter to 
drop the side loads properly. It is best to keep the center loads 30 
to 50 feet in advance of the side loads. In this way three teams may 
be kept busy at the same time. In order to get a sufficient sand 
covering upon the road, drag scrapers were used and sand hauled 
from beyond the borders of the roadway. It was then spread with a 
harrow and a 2-horse grader evenly over the road and mixed with the 
dust and fine particles of clay. After a rain the sand was quickly in- 
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corporated with the clay. Still more sand was evidently needed, and 
this was harrowed into the clay as the mass dried and packed under 
travel. Finally, a large grader was used to shape the road. 

As has been stated above, the clay at this place was rather more 
of an accident than a natural condition of wide extent; still it is of 
sufficient importance to justify a careful study of its behavior on the 
road. It would be an easy matter to provide settling basins along 
irrigation canals where this fine silt could be collected, and after the 
water had been shut off the clay thus deposited could be hauled upon 
the road. In this way large quantities of material could be provided, 
and if its use proves as valuable as indications seem to show, much 
good may be expected from this source in the improvement of heavy 
sand roads along irrigation ditches. In this experiment the silt com- 
bined readily with the sand when wet and held it firmly. The addi- 
tion of sand took away its sticky qualities. | 

The cost data of this experiment follow: 


Foreman dor-tob eset ae as Te ee $51. 50 
Excavation (2:539-cubic yards)es sacs eek ee oe eee 396. 69 
Bhaping suberade. to. et kuin da ciel eee ae 70. 00 
PlOwane Op Clay oc ee ne cae hak ee ete 54. 875 
Loading clay into wagons, 0. sess. Vek ree ee eae ..  “47OROe 
Hating clay to road 2 ee plaka ean ek Ehanaonts af SAL 608. 38 
Spreading clay onioad oN te LA bee he td ie ee 93. 00 
Harrowing and mixing clay and sand...........-......-.--- 6. 00 
Sanding road and building shoulders. ..--. Sot. Sane oo Or 107. 685 
Dressing’ road with erader... ea eet ae ae oe 27. 00 
Works on bridge, ‘timber, sete? 2c tes Ao een aoe a ee ee 59. 53 
Repairs, water boy, and isundries soo 0 eee ee 52. 75 
Cost*per square yard/ol part clayed #0 % 202) eet eee . 138 
Rateper. mile 25k TES Ue ee ee ec 1, 135. 83 


EXPERIMENT AT BUCKLIN, KANS. 


For this experiment a portion of the road leading from Bucklin to 
Spearville was selected. It was on the south side of the Arkansas 
River, as in the preceding cases. The general plan of construction 
~ was identical with that used at Dodge City, but the clay was of a dif- 
ferent quality. At the south end of the.road a clay was used which 
proved to be a kind of buckshot. It hardened well, although the sur- 
face appeared to be of a loamy character and blistered badly at first, 
though later it packed,and gave promise of durability. After remov- 
ing the surface of the clay pit to a depth of 12 inches the character of 
the clay changed materially and it promised to be an excellent road ma- 
terial. At first it was feared that it might lack the necessary binding 
power, but as it was the only material within a mile of the road its 
use was begun as an experiment. When the pit was lowered 30 inches 
the clay became excellent in quality. This pit was located at the 
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highest point on the road and its use proved a great economy because 


of the ease of haul. From a place near the other end of the road an 

alkali clay was hauled upon the sand at that end. A section 6,771 

feet long was laid out and plowed and the subgrade shaped ready for 

the clay. Of this distance, a section 4,271 feet long was improved and 

a section of 2,500 feet left to be improved by the community. 
Following are the cost data of this experiment: 


(Ea OO Ur gett A RS RR ae $50. 00 
BELG C L004 CIUMLC VATU). 9). Sauck Vavee bods cose eee ees 224. 07 
SITET RPOT AUC Ieee ee ete Neen. eves ale te se a ares go. Od 
SEM Melayiitr pitas. fee ea tee Eto 16. 75 
Bette Guay Ano: WAGONSLOS. il ples Wee ere fs Ulin) fase 235. 75 
ROME GIN LO TOA Yh ns eel rae daw cae wwighh be 304. 875 
REELS CULVPOIUTOA La Lee aE SS ee a a, 44, 625 
BPO OL Maes! Noise gee hts’ LR aun. Jet. 40. 92 

Oost per square yard of part clayed.:..-.-................-- 14 
MR ASIN ete fs so dree ss ae as hae UG aa a Fils 1, 183. 64 


EXPERIMENT AT FORD, KANS. 


At Ford a short section forming the south approach to the bridge 


crossing the Arkansas River was graded and clay added. This was 


really a matter of grading an incline to the bridge, but as the material 
for the approach was sand it was necessary to form a hard top sur- 
face. ‘This was done by adding clay. ‘The material was gotten from 
a valley basin where clay had settled. The section of road treated 
was 350 feet long, and a bed of clay 16 feet wide and about 12 inches 
deep was put on. The surface was.then covered with sand 2 inches 
deep and left for traffic to mix. It was frozen hard when placed on 
the road. 
Some of the cost details follow: 


Pore oct wicenino Toad. uw Sue Ce Le eee es $17. 25 
Provan, loading; and hauling lays 7s js ee ee 10. 50 
0 TEN Ey ga gna ht oh De 8. 00 
GM. een eee Bed hoy: ee tee Ae tusk gyn. ean cigs oe rat 8. 00 
Meme Rarace Werder sos ee ee ee . 50 


eer ait eee oh, ea er he SL hs RL Us obs ed Bete 104, 25 


FURTHER REPORT OF EXPERIMENTS MADE AT WAYLAND, 
MASS.,IN 1907 WITH CRUDE TAR, TAR PREPARATIONS, AND OIL 
EMULSIONS. 


These experiments are described in Circular 89, published in March, 
1908. Thirteen experiments were made with water-gas tar, crude coal 
tar, and refined coal tar, and two with semiasphaltic oil emulsions. 
In all experiments but one, surface applications of the materials were 
made. The treated sections were last inspected in September, 1908, 
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about thirteen months after treatment. It should be noted that the 
winter of 1907-8 was a most severe one from the standpoint of road 
work, the ground being subjected to numerous and rapid freezings 
and thawings. 


EXPERIMENTS NOS. 1, 2, 3, AND 4—WATER-GAS TAR. 


All four of the sections treated with this material appeared about 
the same when inspected. The tar had disappeared from the road 
surface to a great extent, although the sections were in moderately 
good condition and fairly free from dust. These experiments have 
demonstrated that crude water-gas tar is valuable only as a temporary 
binder, and that the most satisfactory and at the same time most 
economical results can best be obtained by sprinkling the road with 
light applications whenever the dust becomes excessive. ~ 


EXPERIMENTS NOS. 5, 6, AND 7—CRUDE COAL TAR. 


On the sections painted with crude coal tar, Experiments Nos. 5 
and 6 were in fair condition. The tar had disappeared from some 
places and the road looked patchy. There was little dust, however, 
on these sections. The section similarly treated m Experiment No. 
7 was in a much worse condition, although better than before treat- 
ment. It was located in the center of the town, where traffic condi- 
tions were more severe than on the other sections. Much of the tar 
had disappeared from the center of the street. It was somewhat 
dusty, and on the whole not very satisfactory. It was found neces- 
sary to make repairs on this section during the winter on account of 
heaving of the surface caused by freezing. 


EXPERIMENTS NOS. 8, 9, AND 10—-WATER-GAS TAR AND COAL TAR. 


The results of Experiment No. 8 were in every way similar to Nos. 
5 and 6. In this experiment separate applications of water-gas tar 
and coal tar had been made, though no additional benefit resulted 
from the use of the water-gas tar. In Experiments Nos. 9 and 10 a 
mixture of coal tar and water-gas tar had been applied cold, pea 
stone being used as a surface dressing for No. 9 and gravel for No. 
10. At the time of inspection No. 9 was in slightly better condition 
than No. 10, although much of the tar had disappeared from both 
sections. These sections were, however, quite free from dust. It is 
evident that a mixture of this sort may be considered as a semiperma- 
nent binder, giving nearly as good results as crude coal tar and having 
the advantage of suitability for cold application. 
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EXPERIMENT NO. 11—SPECIAL TAR MIXTURE. 


The section treated with this material, while subjected to the same 
conditions as No. 7, was in somewhat better shape, although by no 
means satisfactory. It was not free from dust when inspected, but 
was in much better condition than before treatment. No repairs were 
required on this section during the winter, although No. 7, adjoining 
it, had to be patched. 


EXPERIMENTS NOS. 12 AND 13—SPECIAL TAR PREPARATION. 


In Experiment No. 12 a section of road was resurfaced and the tar 
preparation applied according to the penetration method. This sec- 
tion was in almost perfect condition when inspected, being well 
bonded, nonslippery, and dustless. On the whole, this was the most 
satisfactory experiment made. 

In Experiment No. 13 the same preparation was applied to the 
surface of a section of road already in good condition. With the 
exception of Experiment No. 12, it appeared at the time of inspection 
better than any.of the others, being firm and dustless. A few spots, 
however, showed signs of disintegration, which will probably spread 
rapidly unless repaired. 

From these experiments it is evident that a properly refined coal 
tar is to be greatly preferred to a crude tar. In the experiments 
reviewed the more lasting results obtained from the former may be 
accounted for mainly by the absence of ammoniacal liquor and the 
lower percentage of naphthalene and free carbon, as shown by analy- 
sis. In regard to all of these experiments, it may be said that the 
test was a most severe one, as explained in Circular 89, and that had 
conditions been normal much better results would have been obtained 
from those experiments which proved the least successful. 


EXPERIMENTS WITH OIL EMULSIONS. 


Two semiasphaltic petroleum emulsions were used as temporary 
binders in these experiments, and the method of application was 
described in Circular 89. On the section treated with emulsion No. i 
no residue could be discovered at the time of inspection, but traces 
of the oil were apparent on the section treated with emulsion No. 2. 
It was reported by residents along these sections that the road 
remained free from dust for eight months, which was very satisfac- 

tory, considering the amount of material applied. 
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FURTHER REPORT ON EXPERIMENTS MADE AT WASHINGTON, 
D. C., IN 1907 WITH CALCIUM CHLORIDE. 


A report of this experiment will be found in Circular 89. Solu- 
tions of calcium chloride were sprinkled upon a trap macadam coy- 
ered with a soft, dust-producing limestone binder. Three applications 
were made during the summer, and the salt retained by the road sur- 
face occasionally fed with water. The results were, of course, only 
temporary, but the dust was well laid and raveling prevented. No. 
visible effect is apparent at the present time, as the road has since 
been resurfaced. 


FURTHER REPORT ON EXPERIMENTS MADE AT BOWLING GREEN, 
KY., IN 1907 WITH ROCK ASPHALT, CRUDE OIL, AND A SPECIAL 
OIL PREPARATION. 


A full report of these experiments will be found in Circular 89. 
The materials used were Kentucky rock asphalt, crude Kentucky 
petroleum, and a specially prepared residual oil. The results of an 
inspection made in January, 1909, are given below. — | 


ROCK-ASPHALT EXPERIMENT. 


In this experiment the rock asphalt was used as a binder and to fill 
the voids of a fresh macadam surface. It was first inspected after a 
light shower and found to have kept the water from the foundation 
very well, as evidenced by its damp surface in comparison with that 
of an untreated section adjoining, which had absorbed the water and 
already become dusty. A small quantity of loose material appeared 
on the surface, but this had evidently been tracked on from the 
untreated section. The entire road was smooth, free from ruts, and 
in only two small places could the underlying limestone be seen. 
These places were, however, just as well bonded as the rest of the - 
surface and in no way inferior to it. On one side of the road the 
shoulder had settled slightly, leaving a raw edge open to attack from 
traffic and wash. By raising and consolidating this shoulder the 
road could be put in almost perfect condition. 


OIL EXPERIMENTS. 


The section treated with the residual oil had been, through mis- 
take, completely covered with gravel shortly after its application, 
and no result whatever was obtained from its use. As in the Jackson, 
Tenn., experiment, the use of crude oil on both gravel and macadam 
roads proved to be of only temporary effect. No trace of the oil 
was apparent at the time of inspection, but, according to a state- 
ment made by the city engineer, the amount of dust on these roads 


in comparison with untreated roads was perceptibly lessened until 
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the latter part of the summer. It might be noted that as a result 
_ of these experiments the city of Bowling Green has, during the past 
summer, treated nearly all of its streets with oil. and considers the 
work Bee sractory. 


FURTHER REPORT ON EXPERIMENTS MADE AT JACKSON, TENN., 
IN 1905 WITH TARS AND OILS. 


The original report of these experiments will be found in Circular 
_ 47, published in May, 1906, and a report of the condition of the sec- 
_ tions when inspected in February, 1908, in Circular 89. When last 
_ inspected, in January, 1909, the following results were reported: 


a: TAR EXPERIMENTS. 


Of the city streets treated with a surface application of coke-oven 
tar, one is still in good condition, excepting a section about 20 feet 
wide, which has become worn by traffic until small depressions and 
holes about 10 inches in diameter and one-half to 1 inch deep appear 
at intervals of about 8 feet. This section had only one coat of tar 
_ applied in August, 1905, and has not been repaired since that time. 

On the streets which were similarly treated where car tracks 
occupy the center the results are not so good, owing to the condi- 
tion of the tracks, which were poorly ballasted. Mud and water are 
consequently washed over the road surface, and in this way deterio- 

ration has been caused to the tarred surface. ) 

The sections which were treated with a second application of tar 
in 1906, one year after the first, are in excellent condition, and very 
little deterioration is noticeable. 

On the section where the stone had been spiked up and tar mixed 
with it to a depth of 3 or 4 inches the results have not been so satis-. 
factory. This is due to the fact that during hot summer months, 
when the tar softens, depressions have formed which prevent perfect 

drainage. 










OIL EXPERIMENTS. 


On the streets treated with residual oils the oil is in evidence only 
near the gutters, where the traffic has been light. On the ether hand, 
4 on the section of country road treated in the same manner this oil is 
; plainly visible over the entire surface. During the past summer it 
. has proved very beneficial to the road by preventing raveling, which 
has occurred on the untreated sections. Very little dust is in evi- 
~ dence on the road and no washing is noticeable. 
Approved: 
James WILSON, 
Secretary of em adiiire, 
Wasuineton, D. C., March 25, 1909. 
(Cir. 90] 
O 








hee Aa pe ap Fe 


‘4 3 : ‘7z * 

v . sick 

F ; 

ie , vrs Fs ‘ae r ' i 

a - 4 

i “yur Aas ‘3 eg 







ie F ye Psy 


: | | ry: Pig a 





. 


a , q | eee March 19, re 
United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. 91. 
LOGAN WALLER PAGE, Director. 


SAND-CLAY AND EARTH ROADS 
IN THE MIDDLE WEST. 


BY 


W. L. SPOON, G. E2 


Superintendent of Road Construction, O fice of 
Public Roads. 









pL FeO 
(lay ae SSS ete ie 
ERE KE Ka se 


fh RKK 






















> 
ines 












Cry 
t RA 
waits 
° 
iL ein at 





i 


be 
Cs) 


set 
pect 














Ife 


l 







Py 
ii 

t 
ull 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 


1910. 








LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PuBLIC Roaps, 
Washington, D. C., January 19, 1910. 
Sr: I have the honor to transmit herewith the manuscript of a 
circular by Mr. W. L. Spoon, a superintendent of road construction 
in this Office, entitled ‘‘Sand-clay and Earth Roads in the Middle 
West.”’ This publication gives the results of experiments planned 
in this Office and conducted in Kansas and the surrounding country 
in 1908. Already great interest has been manifested in this publica- 
tion, and I therefore respectfully request that it be issued as Circular 
91 of this Office. 
= Respectfully, } 
Logan WALLER PAGE, 
Director. 
Hon. JAMES WILSON, 


Secretary of Agriculture. 
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SAND-CLAY AND EARTH ROADS IN THE MIDDLE WEST. 


INTRODUCTION. 


Although the sand-clay method has been extensively used through- 
out the Southern States and has proved a great blessing in the bet- 
terment of the roads, until recently no attempt had been made to 
use this method either in the North or the West. In the North it 
was thought that the frost was too severe for that type of con- 
struction. It was also thought that there was a lack of clay or sand 
suitable for the work. In this matter the Office of Public Roads 
took a deep interest and planned a careful, systematic investigation 
and study of the road problem, and the conditions bearing thereon, 
throughout the Middle West. The general character of the formation 


of that section was studied and experimental roads were constructed 


by the sand-clay method in various sections with the materials 
which were to be had locally or within a permissible hauling distance. 
So great has been the success of this effort that a popular demand 
is made for the information and method to be made public. To meet 
this demand the Office of Public Roads has prepared this circular. 


SOIL CONDITIONS. 


As a matter of order it may be expedient to classify the soil condi- 
tions as they are found in the several localities, discuss each separately, 
and then describe a method of road improvement applicable to each. 


GUMBO, ‘‘BUCKSHOT,’’ OR BLACK WAX. 


This type of soil has the characteristic of readily absorbing water 
and becomes very sticky when wet. As a rule it quickly dries out 
when the sun shines and, if dragged with a split-log drag, it soon 
becomes hard and smooth. It returns, however, to its original plastic 
and sticky condition when rain softens it. While the drag has done 
ereat good, there still remains need of improvement in order to render 
the road good and passable for all travel at all seasons of the year. 
This gumbo is a sedimentary formation and covers an extensive 
territory in the valley of the Mississippi and its tributaries. It is — 
composed chiefly of aluminum silicate, with a little iron, and usually 
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carries a considerable quantity of organic matter. It is very fer- 
tile, supporting a luxuriant growth of vegetation, and is therefore 
exceedingly valuable as agricultural land. The question of good 
roads in such a locality is consequently vital. Gumbo has been 
burned to a clinker for road purposes with satisfactory results, but the 
process of burning is applicable only to localities having an abundance 
of cheap fuel. Under all other circumstances the cost of burning 
ceumbo for a road surface is too expensive for practical application. 
A further study of the subject is therefore Warranted, since a treat- 
ment for the betterment of this type of soil as a road material is a 
necessity. Agricultural interests demand it. Before attempting to 
say what this type of soil needs to make of it a better road, it may 
be well to study its physical characteristics and history. ; 

The type of soil commonly known as ‘‘gumbo”’ is a gritless silt 
deposited by slow sedimentation from quiescent rivers, lakes, or other 
standing water. The particles composing gumbo are so very fine 
that they remain suspended for a long time and settle only when agi- 
tation ceases. Such a silt is now being carried by all the rivers east 
of the Rockies and west of the Mississippi River. This is demon- 
strated by the fact that each overflow leaves a gumbo sediment. By 
this process of separation the great areas of gumbo soil have been 
formed, and hence the one universal characteristic of gumbo is that 
it is gritless when in its primitive condition. The color may vary 
from gray to black, owing to the amount of organic matter which it 
contains, but this does not materially change its character. When 
wet it sticks and when dry it breaks up into cubes or granulates, 
whence comes the name ‘‘buckshot,” which is often heard. A care- 
ful study of this subject will reveal the fact that there is a general rule 
or order to this formation which is quite natural and: very interesting. 
Where perfect quiet prevails, a perfect, gritless gumbo is deposited. If 
a slight agitation is present very fine sand or grit will be deposited 
and, as we follow up the line of increasing agitation, the percentage 
of gumbo decreases and the percentage of grit and sand increases. 
Thus from the bottom of the lake to the mountain torrent every 
phase of separation exists and the product of each phase is positive 
and well defined. At the point of greatest agitation great bowlders 
are moved to a place of less agitation, then coarse gravel is dropped, 
next coarse sand, then finer silt, and lastly the finest falls on the bot- 
tom of the lake. Variation in the flood varies the deposit line; hence 
the lamination and overlapping of the different grades. Likewise 
there exists great variation even in a lake. Near the surface and the 
shore the winds produce violent wave action and only sand, pebbles, 
and such heavy particles can remain. As we pass in from the shore 


line a change in the character of the deposit takes place in rigid 
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obedience to the laws of gravity and the suspending power of water. 
Nowhere is this subject as plainly written or as richly illustrated as in 
the Middle West. It furnishes a key to the study of the glacial 
deposits and clearly indicates whether they projected themselves as 
icebergs into an inland sea or formed a highland morain and a river 
flowing therefrom. 

This subject of sedimentation is not only exceedingly interesting, 
but forms a most instructive study for the road builder. Following 
the inverse order of formation, next to the gumbo are found the loam 
deposits. These vary from almost gritless to a sandy loam. Let us 
consider next the physical characteristics and behavior of this loam 
as it relates to the matter of road improvement. 


SEDIMENTARY LOAM. 


The sedimentary loams embrace every type between gumbo and 
clean sand. Here a most important manifestation presents itself— 
as the percentage of sand increases, the tendency to granulate or form 
‘‘buckshot” decreases. This is an important physical fact for the 
road builder. Moreover, it is noticeable that, as the percentage of 
sand increases the sticky tendency manifested by buckshot decreases; 
in other words, as the properties of clay disappear the characteristics 
of sand rise into prominence. It is a characteristic of clay to crack 
when in the process of drying, owing to the unequal shrinkage, and 
likewise to expand when the water is restored. Sand has no such 
tendency, but rather contracts when water is added, by reason of 
the closer relations formed between the grains. These diametrically 
opposite manifestations should operate to neutralize each other and a 
point should be reached where the sand would be sufficient to prevent 
further contraction or expansion, or at least sufficient to prevent 
cracking to any appreciable extent. At the same time it should stop 
the tendency of the clay to stick, because in this respect the sand is 
also diametrically opposite to the clay. By a careful study of these 
various physical conditions and an observation of the effect of travel, 
a correct theory may be established. This theory is that there is a 
point between the gumbo limit on the one side and the clean sand on 
the other where the opposite characteristics of each are neutralized 
and the resulting composition is a better road material than either 
alone. Innumerable sections of sedimentary loam are naturally 
good and easily kept in excellent state with very little attention. 
This kind of road, which is one type of the sand-clay road, is very 
responsive to the drag and soon shows a perfect wearing surface, if 
the drainage is good. 

This class of material covers also large areas in the Middle West, 
and a discussion of a method of constructing improved roads in this 
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* 
area is of importance to many of the best farming sections of that 
territory. The presence of the many good sections of roads is a 
cause for encouragement. If it is possible, by natural processes, to 
bring the materials together in the proper proportions, a careful study 
of these proportions in any locality should lead to an artificial repro- 
duction. This has been done many times and may be attempted 
with the utmost confidence of success. When the methods of con- 
structing a sand-clay road and the principles involved are discussed, 
this type will be explained more fully. 


SAND. 


Next to the loam deposits, in the order of separation, is sand. 
Even when it is very fine, it may still be clean. When dry it is ex- 
tremely mobile and drifts in the wind like snow. Indeed the effect of 
the wind is most marvelous; hills are piled up sometimes nearly a hun- 
dred feet high, only to be torn down and then piled up again. Deep 
basins are blown out, to be subsequently filled again. ‘To the man or 
beast of burden that must cross this sand it is anything but play. 
Perhaps no known road is so dreadful as one of those deep, shifting, 
sand-hill roads of the Middle West. Fortunately, in most cases 
these sandy areas are covered with vegetation, which limits to a great 
extent the effect of the wind, gives permanency to the surface con- 
figuration, and saves the road from being inundated with drifting 
sand. As the sand becomes coarser it is less affected by the wind, 
but clean sand, whether fine or coarse, cuts deep and, even on a level 
a horse’s feet sink into it at each step, thus greatly increasing 
labor; but if to this is added a grade of from 5 to 7 per cent, the difii- 
culty is so great as to become an impassable barrier. It is needless, 
then, to say that the people of the sand hills are urgent in their appeal 
for better roads. 

By far the greater part of this sand is quite fine and clean, like 
shore sand, but an occasional drift of coarse sand and gravel is 
found. This latter deposit deserves a careful search, for it is of 
great value in the improvement of the roads in the gumbo sections, as 
will be explained later on. 

The sand hills are peculiar in their distribution. In some instances 
they are narrow strips along a river, while in others they are quite 
extensive and cover wide areas. Nor are the strips uniform in width 
or continuous on one side of a river. They may be on either side 
and may vary in width from a few hundred feet to several miles, but 
however wide or in what manner they may be located their charac- 
teristics never change—they make speed impossible and increase 
the labor necessary to move a load to more than six times that needed 


on a good road, The area covered by a heavy sand is great; conse- 
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quently the method of hardening it and improving the roads in it is 
one of the most important problems to be solved in connection 
with the movement for better roads in the Middle West. Every 
formation found in connection with the sands will therefore be con- 
sidered. 

GYPSUM. 


Throughout a great portion of this territory abound deposits of 
gypsum, which vary from immense cliffs to thin strata (fig. 1). Oc- 
casionally there are secondary deposits in the form of pockets, banks, 
and wide level sections, but these are due in a large measure to com- 
paratively recent erosion and sedimentation. The exposed cliffs and 
other outcroppings are often disintegrated by the action of the weather, 





Fia. 1—Gypsum pit, showing lamination. 


and are quite chalk-like, but deeper down these deposits become 
tenacious and show a decided tendency to greater cementation when 
placed upon the road and subjected to travel. 

This type marks the extreme of the gypsum deposit as far as 
hardness is concerned; and, while it would not be a first-class material 
for macadam, yet, because of its chert-like characteristics, it would 
make a good road when used in the same manner as a chert-gravel. 
This fact is apparent from the character of the road where it crosses 
such a formation. The extreme of worthlessness in this class is found 
in the chalk-like deposits, which have lost all binding power and readily 
pulverize and, when pulverized, never re-cement. This type makes 
an exceedingly poor road for the Middle West, because the deep dust 
formed on it is so readily blown away. 
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An occasional deposit of gypsum of recent formation is to be 
found in layers from an inch to a foot or more in thickness, alterna- 
tine with sand and gravel. Such deposits are usually granular and 
not massive. They thereby show that they were of secondary for- 
mation and the result of violent erosion which tore them from the 
softer bed and tumbled them along in the course of the flowing stream 
to a place of less agitation, where the granulated layer is found in 
the sand and gravel deposits. This formation is readily distinguish- 
able from the massive as well as from the gypsum clays. This obser- 
vation is necessary in order to distinguish between a gypsum clay 
and a gypsum sand; the former is usually a good binder for sand, 


while the latter is not. 
SHALES. 


Besides the gypsum deposits, shale is another material worthy of 
notice in the construction of this kind of roads. This of itself is a 
poor road material, whether hard or soft. If soft, it quickly absorbs 
moisture and readily mucks up under travel; if hard, it is of uneven 
texture and wears rapidly into an uneven road surface. The addi- 
tion of sand, however, will in a measure improve soft shale by giving 
it body, but, because of its poor binding qualities and the ease with 
which the rains wash it out from the sand and leave the sand loose 
and unsupported by a binder, it must be classed as a poor road 
material and used only when no other is available. | 

There is a deposit of red shale-like clay of extensive and massive 
proportions in southwestern Kansas and Oklahoma. This material 
noticeably differs from the true shale in the matter of binding power. 
It has quite a good degree of tenacity and, when used as clay for sand- 
clay road construction, it gives fair results. This formation grades 
from a massive red clay to a red sandstone. Its value as a road 
material decreases as it approaches sandstone. The best deposits of 
this material usually occur in secondary deposits at the foot of the 
hills in the river valleys. They are the product of recent erosion and 
deposit, which have separated the clay from the sand and carried the 
clay farther on, where it is deposited in a purer state, so that it is a 
better binding clay for sharp sand. Such a deposit along the Cimar- 
ron River has been used at Englewood and Ashland, Kans., with 
very satisfactory results. 

Besides the foregoing formations and deposits there is a very 
peculiar deposit south of Sargent, Nebr. Thesame formation appears 
at other places in the Middle West. It is not laminated or stratified, 
but massive and quite regular in texture. It is gritless and evidently 
a sedimentary deposit, but its composition has not yet been deter- 
mined. It appears to be composed of chalk and kaolin, although the 


mixture, if any, is perfect, and beds 20 feet and more in thickness 
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show no variation. Its color is an ashen gray, and when deeply cut 
by erosion it stands in a vertical wall. It shows little tendency to 
crack on drying, which is an indication of small shrinkage. It was 
observed that this material behaves very well when placed upon the 
road; it packs smooth and appears to wear well, showing little tend- 
ency to failure, either from dust or mud, although it is believed 
that an addition of sharp sand would materially improve it during 
periods of long rain. 
RIVER SANDS. 


A very important feature of this territory for the road builder to 
consider is the character of the sands carried by the larger rivers, 
such as the Missouri, the Loup, the Platte, the Arkansas, the Cimar- 
ron, and others rising among the sand hills or farther up the slopes of 
the Rockies. In many localities immense deposits of very coarse, 
sharp sand may be found and these are valuable to the builder of 
sand-clay roads. Hventually their immense value will be appreciated 
and utilized to harden the plastic soils found farther east, whither 
these rivers bear their sand. 


RIVER SILT IN IRRIGATION LAKES. 


It might not be amiss to call attention to a controllable and probable 
source of material for making the surface of roads hard in the sandy 
lands in the irrigation belt. All the irrigation waters carry a large 
quantity of sediment which they deposit in the basins and lakes 
formed for the storage of river water. This sediment is practically 
the same material as the gumbo found in the valleys farther down, 
and may be used in the same way for the purpose of improving the 
roads. The road at Dodge City, Kans., was built of this material, 
and so far only good results are reported. Many miles of roads 
might possibly be constructed in this way by systematically gathering 
the sediment at a convenient point for use on the roads. 


CLIMATE. 


The climate is a factor of importance for the road builder to con- 
sider in the Middle West. In the eastern sections, where the soil is 
plastic, the rains are most abundant, while in the western sand 
hills the climate is semiarid and quite strong south winds prevail. 
These conditions introduce an important matter for consideration. 
Sand roads are best when wet, and clay roads when dry, but climatic 
conditions operate adversely and must be taken into consideration 
seriously. The rains make the eastern roads muddy, while dry 
weather makes of the western roads deep shifting sand. The 
suggestion offered by this natural condition is to add sand to the 
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‘astern clays and clay to the western sands in order to bring about, 


between the soil and the climate, the balance necessary for the 


betterment of the roads. Additional encouragement is afforded by 
the natural distribution of the material, which in most cases is 
abundantly provided for all needs. 


DRAINAGE. 


There is another important matter to be considered on account of 
climate. In the eastern portion, where rains are abundant, the 
question of drainage is very important, and, moreover, a greater per- 
centage of sand (65 to 85 per cent) must be used, while in the West, 
in the semiarid sand-hill section, the reverse proportion is not only 
permissible but often necessary. In the Kast the road must meet, as 
its supreme test, continued wet weather, while in the West contin- 
ued drought furnishes a maximum strain on the binding power of the 
clay. In the East the road is likely to fail by reason of mud holes 
and washes; in the West it must resist pulverizing and blow- 
ing away as dust. Between these two extremes lie all the possible 


methods of sand-clay road construction. Upon the judgment of the 


supervisor, therefore, depends the character of the work to be done. 
He should know how to select the best available clay for the condi- 
tions to be met, and likewise how to select the sand and incorporate 
it with the clay so as to obtain the best possible results. 


CONSTRUCTION OF A SAND-CLAY ROAD. 
IN THE GUMBO OR PLASTIC SOIL SECTIONS. 


Here the one primary consideration is the selection of sand. Since 
in many cases it must be hauled quite a distance, great care should 
be exercised in the selection in order to procure the sharpest and 
coarsest sand possible. After the sand is selected it is a good plan 
to haul it, in advance, alongside the road which is to be improved. 
When the road softens a quantity of sand should be spread 
broadcast over the traveled roadway for the desired width—about 
14 to 18 feet—until the softened clay surface of the road is saturated 
with the sand. In this way the advantages of hauling the sand on a 
firm, dry clay road are obtained and it is ready for use when the road 
is softened by rain and slightly cut by travel. The amount of sand 
to be used is determined by the character of the road. If the road 
is taken before it is deeply cut by travel less sand will be required 
to give it a hard surface than would be the case were it delayed 
until deeply cut and full of mud holes. No ultimate harm would 
come from allowing it to become deep mud, but an unnecessarily 


large quantity of sand would be required to effect a remedy and 
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would entail needless expense for surface material. For the first 
application of sand from 5 to 8 inches should be sufficient to give a 
hard surface to almost any well-drained road, however plastic it 
may be. If, however, the surface is deeply cut, it may require 
twice as much sand to form a good road. This caution is given for 
the sake of economy both in hauling the sand to the road and in using 
it afterwards, rather than in the final effect to be obtained. How- 
ever deep the mud hole may be, sand can fill it and make it perma- 
nently firm for travel. Although this is effective in improving the 
worst mud, still it is expensive and great economy will result by 
applying sand, when the clay is softened, to a depth of about 3 or 4 
inches. An excellent state of preparation can be had by driving a 
herd of cattle over the road when wet and at the same time adding 
the sand. By this simple method a thorough mixture of the surface 
clay and sand is formed, and, as it dries somewhat, a split-log drag 
may be used to produce the crown and maintain it until the road is 
hard and smooth under travel. Should any place in the road fail 
and become muddy, more sand must be added each time such a 
failure is noticed. If this direction is followed the result will be 
quite satisfactory, notwithstanding its simplicity. In the absence 
of the herd of cattle an excellent surface condition preparatory for 
the sand can be obtained by using a disk or tooth harrow to loosen 
the surface of the clay. 

While it has not been specifically stated, it is assumed that the 
road to be improved has been properly laid out, drained, and graded 
to the desired crown before being prepared for the application of the 
sand. The subsequent dragging is merely to even inequalities while 
the road is settling under traffic. If a coarse sand is not available 
any clean sand available may-be used. It is often a matter of 
using, not what one judges best, but such as can be had within the 
means of the supervisor. Any sand will improve a clay road.. 

Simple as this method is, it is nevertheless applicable to the whole 
plastic clay belt. Roads which are now almost impassable in rainy 
weather, as were nearly all the roads in eastern Kansas and Nebraska 
in June, 1908, may be rendered practically firm for all travel and 
even well suited for automobiles. The depth of the sand-clay 
mixture must be in proportion to the burden of travel. If the road 
is to withstand very heavy travel and extreme weather conditions, 
a deep sand-clay composition will be necessary, and there should 
be only clay enough in the composition to fill the voids in the sand and 
to act as a binder. 

a For a further discussion of this subject, reference is made to Farmers’ Bulletin No. 


311, entitled ‘‘Sand-clay and Burnt-clay Roads.” 
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From a careful study of conditions it is believed that the applica- 
tion of sand, as above described, will prove a practical solution of the 
road problem for the plastic clay soils. Where sand is not avail- 
able locally it may be transported by rail, delivered in chutes, loaded 
therefrom by gravity into wagons, and hauled to the roadside for 
less cost than macadam, and in most cases it will prove equal, if 
not superior, to the more expensive macadam road. But no half- 
hearted effort should be attempted. A steam shovel should be used 
to load cars of the ballast type, and they should be unloaded into 
chutes by gravity at the desired station. The sand may then be 
dropped into dump wagons, hauled to the place of use, and dropped 
in sufficient quantity in regular order along the road to be improved. 
This is a practical and economical method by which much may be 
accomplished. 


IMPROVING LOAM AND ALKALI SOIL ROADS. 


Usually the loams have a very good degree of fine sand intermixed, 
and careful attention to drainage and the crown often proves sufficient 
to make a good road, if dragged occasionally when wet. Especial 
care should be given to drainage if the body of the road is to be of 


loam. The traveled roadway should be at least 18 inches above the 


level of ditch water. It is also important to provide against either of 
two extremes—water standing in the side ditch or flowing too great a 
distance down a slope in the ditch. Both are disastrous to the road. 
The one saturates and softens the road bed, causing it to fail, and the 
other forms a gully of the ditch and washes the road away. <A good 
maxim is “Ditch the side ditches.” This is of great importance and 
well worth remembering. It not only apples to a loam soil, but to all 
kinds of soils and conditions with one exception, viz, where the sand 
subsoil is several feet deep and sufficiently porous to absorb any rain- 
fall no side ditch is required and no attention need be given to the 
drainage of the road beyond crowning the sand-clay surface. Such 
deep sand is found only in the sand hills. In all cases where the sand 
is under 10 inches deep or underlaid with clay or hardpan of any 
kind, well-constructed side ditches must be provided. 

All forms of hard roads should have a good crown, varying from 
side to center. The slope of the crown should be greatest at the 
sides and flattened as it approaches the center. Only a sand road 
requires no crown at all. Where nothing but deep sand prevails, the 
surface should be concave for the purpose of conserving, as far as 
possible, the moisture. Sand alone is improved by water. 

The same directions given for loam constructions may be followed 
in the case of alkali soil. A difference, however, usually exists in the 


case of alkali soils. They are more sticky and are flat and low. 
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The one thing, therefore, of prime importance is drainage. To effect 
this it is often necessary to build up the road above the adjacent land. 
It is more important usually to build up an alkali soil road than one 
of loam soil because the alkali is more liable to failure where imperfect 
drainage exists. For this reason it is important that the road should 
have a width of not less than 30 feet, in order to give permanency and 
utility to the traveled way, and a sodded shoulder on either side 
to prevent washing. 

If the construction of the road in alkali soil is followed with system- 
atic and faithful dragging a very satisfactory road will be obtained. 
Should a muck-like condition continue after each rain and the road 
fail to harden satisfactorily it should be treated with an application 
of sand as outlined for gumbo. 


USE OF SAND-CLAY ON SAND-HILL ROADS. 


Perhaps the sandy roads in the sand-hill regions of the Middle West 
are the worst stretches of road to be found in this country. They 
often lie as impassable barriers between fertile lands and vary from a 
few hundred yards to several miles in width. To haul a load across a 
mile of such sand costs ten times as much as on a hard, smooth surface. 
It is, then, a most vital matter for the people living in the vicinity and 
having occasion to use these roads to build hard-surface roads through 
the sand. Many experiments have been made with varying results, 
but so far it appears that the sand-clay road is the practical road, and 
particularly so in the semiarid regions. Indeed, it appears that here 
the sand-clay road is capable of yielding the most satisfactory results 
both as to service and durability. Because of the dryness of the 
climate the clay rarely becomes oversaturated; on the other hand, 
however, the sand always contains enough moisture to keep the base 
of the clay in a state of sufficient moisture to prevent cracking at the 
bottom of the clay. This percentage of moisture, while small, is 
sufficient to strengthen the road surface greatly; but while this factor 


is important, there is another equally as advantageous in the porous 


character of the sandy base. It allows the excess of moisture to per- 
colate, however hard it rains; there is therefore an interesting prin- 
ciple disclosed in this deep sand. It may be compared to a governor 
regulating the moisture admitted to the clay from beneath. Accord- 
ing to this principle, one would expect to find the best sand-clay roads 
where the sand is deepest, and such is the case. The sand furnishes a 
perfect underdrainage and yet capillarity supplies the right amount of 
moisture to maintain the bond in the clay and prevent its becoming 
thoroughly dry, in which case it would crumble to dust and be dissi- 
pated either by the wind or in the deep sand. Again, this principle 
makes it possible and even practicable to have a satisfactory clay 
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road on deep sand when the clay is largely in excess. ' Such a road 
would utterly fail on a clay foundation. Here, again, this principle is 
of great advantage, because the clay can be left in excess in the body 
and sand added to the surface only after the clay has been applied. 

The importance of a careful location is not always as seriously 
considered as the nature of the case justifies. It too often happens 
that an effort is made to follow the section line. Normally, in lands 
valuable for cultivation, this may be justified, but in grazing lands, 
where the roads should be located with a view to an economic main- 
tenance and an economic haul over the road, both of which require 
low grades, the case is not the same. Again, to build a sand-clay 
road over the top of a sand hill is to invite the winds to destroy it. 
It is therefore of importance that the location be as free from grades 
as possible and protected from drift sand or “blows.” 

After the location has been selected a roadway not less than 30 
feet wide should be laid out. . All inequalities should be graded out 


so as to give a smooth road with a uniform cross section. When. 


this has been done stakes should be set for the center line of the 
road, and for this purpose plaster laths serve excellently. With a 
turning plow a furrow should be run up one side of the row of stakes 
and back on the other side, throwing the dirt toward the stakes. 
In this way a ridge is made exactly in the center of the road. Then 
a roadbed should be thrown up to the width to be clayed by back- 
furrowing to this ridge. A drag or harrow should be used to smooth 
this bed and the crown should be carefully made to conform to the 
proposed finished road. <A good practical width for this bed is 14 
feet. After the central section has thus been prepared and smoothed 
with a harrow or drag the shoulders should be backfurrowed on both 
sides of this clay bed with the turning plow. To do this the plow 
should be set so that it will discharge the material in a ridge just 
outside of the last furrow made in forming the bed. Thus by several 
rounds with the plow the shoulder is raised sufficiently to form a pro- 
tection to the sides of the clay when placed in the prepared bed. 
Usually five such furrows on either side complete a 30-foot road to 
the ditch line. When this is done the sand bed is ready for the clay 
to be hauled upon it. 


If in the foregoing operation any stakes have been misplaced — 


from the center they should now be restored in order to maintain 
the center line of the road definitely. The first six or eight loads of 
clay should be dropped exactly in line. with these center stakes. 
The next loads are dropped on one side of the center loads, inside 
of the shoulder, but only about half as many should be dropped 
on the side as were dropped in the center. Clay should then 
be dropped on the other side in the same manner. This work 


should be done in such a way that the center line is some 50 feet 
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in advance of one side line and the first side line about the same 
distance in advance of the other—an arrangement by which three 
loads can be unloaded at once. With this plan the teams will not 
be blocked in hauling, and, furthermore, by keeping the center line 
well in advance of the sides it is an easy matter to keep the road 
true and even. 

After 200 linear yards of the road have been covered the clay 
should be spread. It is important not to begin to spread the mate- 
rial immediately after being dropped upon the road. The reason 
for this will appear later. Nothing is better for the purpose of 
spreading the clay than a two-horse two-wheel grader. The spread- 
ing is begun by pushing the side loads toward the center to fill in the 
space between the center and the side loads which has already been 
rolled by the wheels of the loaded wagons. After this has been 
done the hauling should be continued until the material has been 


thoroughly packed by the wheels of the loaded wagons passing over 


it. The center may then be brought toward the sides with the grader 
and the entire road smoothed. Travel may now be freely allowed 
on any part of the surface of the road. If the loads of clay average 
1 cubic yard each they should be dropped touching each other in 
the row, but if less than 1 cubic yard they should be slightly lapped. 
The person in charge of this part of the work should exercise his 
judgment in the matter of dropping the loads according to the size 
in order to secure the desired depth of clay, which should not be less 
than 6 inches, while it may be as much as 12 inches when very 
heavy loads, such as traction engines, are to pass over it. 

The side loads should be pulled toward the center first for the 
purpose of preserving the crown and keeping the material well toward 
the center, since it is easier to cut down the crown later, if too high, 
than to build it up. This is also important for the reason that the 
teaming must be depended on to do the rolling, since it is not ex- 
pected that a roller will be used. Moreover, if the center is left 


-undisturbed.the teams will naturally follow on each side of the 


crown and, in consequence, the wheels of the loaded wagons will roll 
in the proper place to give the greatest rolling effect to that part of 
the road which will afterwards bear the heaviest burden of travel, 
leaving the material of the center loads in condition to be handled 
by the grader when the center is to be dressed. Then, last of all, the 
surface is finished with the grader. Especial care has been taken to 


make this detail clear, for upon careful attention to it depends the 
smoothness of the road when completed. Perhaps no part of the 


construction is as important as the matter of providing an even 

texture and a surface in the outset free from small depressions. or 

the semiarid sand hills this is especially important, because it is not 

the purpose ever to break the bed of clay up entirely in the applica- 
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tion of the sand. If by neglect or other cause the clay has been 
dropped improperly, causing a thin place, the necessary repair 
should be made at once and all the material should receive the same 
rolling in construction. It is quite important in the semiarid terri- 
tory to have the clay fairly well compacted before the sand is added, 
and to add sand only on top of the clay, in the manner described 
above for sticky soils. Indeed, the construction is identically the 
same, after the clay has been placed on the deep sand, as that 
described for gumbo or any other clay district, with this exception— 
the sand, in the case of the sand-hill road, will not have to enter as 
deeply into the clay or form as large a percentage in the composition, 
except for the upper inch or two of the surface. The greater part 
of the clay remains undisturbed as when placed on the sand. It is 
expedient and proper, however, to have at all times a coating of sand 
on the road. After the road has been properly smoothed the grader 
may be reversed with good effect to bring a covering of sand from the 
sides of the road, which have been previously plowed up for the 
shoulders during the preparation of the roadbed. It may happen that 
by hauling over it the clay will be pulverized to such an extent that an 
inch or more of dust may form on the surface. In this case the fine, 
mechanical separation can be used to advantage by incorporating 


an abundance of sand with the dust. Sufficient sand, fully twice as — 


much as the amount of dust, if gumbo, should be added and thor- 
oughly mixed by means of a tooth harrow. When the rains come 
only mucking and settling remain to complete the composition. 
There is one important thing to avoid in this dry climate. The 
clay should not be disturbed deeper than there.is moisture to reunite 
it at the time that sand is added. The road should be built of clay, 
covered with sand, and left to the rains to soften the clay so that it 
can absorb the sand. The clay should never be pierced to the sand 
base, for the reason that, if it should be continuously dry for a long 
time the loose sand would work up from below and cause sandy 


pockets and sandy places in the road, not unlike mud holes in a clay © 


road in effect. This is quite important in drift and very fine sand. 
After the clay has been placed upon the road, sanded, and treated 
as above described, the turning plow should again be used to build 
up the sandy shoulders until nearly level with the clayed part. In 
this way a trap will be set for all the clay that blows or washes to 
the sides. This is not only permissible in a sand-clay road, with deep 
sand, but desirable. It is not so in a road entirely of clay, and this 
distinction should be noted. Another reason for lifting the sand 
shoulders so high is to conserve moisture, the opposite of what is 
necessary in the case of sand-clay construction on a clay subsoil. 
It must be carefully observed that this last suggestion applies to 


deep sand only and never to shallow sand,where the rain is not at 
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once absorbed. Every effort should be made to conserve moisture 
in deep sand and a dry climate, because the moisture prevents dust 
and the consequent blowing away of the road. It is therefore a 
matter of necessity, if the greatest success is to be attained, that 
these local conditions be carefully considered in every detail of the 
construction. The building up of the shoulders is of advantage to 


the road when it is to be dragged, because then it is an easy matter 


to get from the shoulders the sand needed on the softened sand-clay 
roadway. 

While it is customary to use the sand along the road, yet if it is 
very fine and there is coarse sand near by it will often pay to haul 
a slight covering of the coarse quality upon the clay. This is particu- 
larly advantageous where the winds are very strong, because the 
coarse sand is far more resistant to the winds and far less disposed to 
break up the clay bond. It acts in the same way that coarse sand 
does with cement. The shoulders should be plowed out to the ditch 
line and, as far as possible, vegetation of some kind should be en- 
couraged to grow on the sandy berm. All these points should be 
observed to prevent the sand from blowing away and leaving the 
sand-clay road unprotected. If much rain should come and the 
clay should soften as much sand should be added as the softened 
clay will mix with well and the sanding should be followed with a 
drag until the road is again dry and firm. 

The maintenance of the road is of the utmost importance for one or 
two years after construction. Proper care at the right time often 
saves a whole road from failure. There is nothing permanent about a 
road except its location, and nowhere is that saying truer than in 
the sand hills. Even the location is often in jeopardy. 

Nothing has been said so far about the choice of the material to 
be used as the clay part of the sand-clay road in the sand hills. The 
choice is usually limited to gypsum, alkali soil, or gumbo. Sometimes 


only one is available, but when more than one can be had it is impor- 


tant to know how to select the best. It has been pointed out that 
eypsum varies from a chalklike, nonbinding, easily pulverized mass 
to a composition of semiplastic gypsum and clay, which, under 
travel, hardens on the road like cement. This latter is quite useful 
as a road material, while the former is practically worthless, because 
it lacks binding power. The binding power is one of the properties 
to be sought for most carefully. If the material packs readily and 
pulverizes slowly when dry, or softens slowly when wet, it may be 
safely accepted as a suitable material for making the surface of a 
sand road hard. This characteristic alone can be relied upon. Color 
has little or no significance as to its value. 

The alkali soils are more or less variable in composition, usually 
containing a certain proportion of sand, silt, clay, and organic 

[Cir. 91] 


99 SAND-CLAY AND EARTH ROADS IN THE MIDDLE WEST, 


matter. In some respects they are very much like the loams, but — 
they contain varying percentages of different soluble salts. As a — 
rule, very little sand need be added to an alkali hard surface mate- 
rial. The best results come from spreading it on rather heavily 
and dragging thoroughly afterwards. Gumbo is one of the mate- 
rials sometimes met with and, if it is free from grit, a large amount 
of sand will have to be added. This material has the peculiarity 
of cracking in every direction when it thoroughly dries out. This 
makes it necessary to add more sand after each rain and also when 
the gumbo dries and cracks. These cracks should be filled with 
sand as often as they appear and this should be continued until 
sufficient sand is incorporated to stop the cracking completely. 
This characteristic of the gumbo of splitting up into thousands of 
little pieces is of immense advantage for introducing sand, but it is 
of serious consequence in periods of extended drought, because it 
may cause the complete failure of the road before the necessary 
sand can be incorporated with the gumbo. If once the sand and 
gumbo are mixed and compacted by travel, little is to be feared 
thereafter. It is clear, therefore, that, when gumbo is used, it is 
important to utilize to the fullest extent every rain, in order to | 
puddle the surface and to do everything possible to conserve the 
moisture in the gumbo by keeping the sand shoulders high, even 
above the level of the clay portion of the road. It is better to do 
this, for the additional reason that it will help to keep the rain water 
on the gumbo and soften it to a greater depth, and thereby allow a 
more thorough intermixing of the sand with the gumbo. It should 
always be kept covered with a little sand. Whatever the variety of 
gumbo, whether from a lake bottom, the overflow of a river, or an 
irrigation ditch, its characteristics are practically the same, and 
it will be valuable as a road material in proportion to its binding 
power and ability to resist washing or pulverizing and consequent 
blowing away. 

An occasional deposit of pipe clay may be encountered in certain 
sandy sections, as at Hutchinson, Kans. The treatment of this 
material differs somewhat from that given to the other types of clay 
mentioned above. It should be placed upon the road and covered 
with sand, as described for gumbo, but the difference consists chiefly | 
in the difficulty experienced in the endeavor to incorporate sand with 
clay. It has a remarkable tendency to remain in lumps and to 
resist all efforts to pulverize it or to puddle sand into it. It usually 
requires a great deal of time and labor to mix sand with pipe clay 
to the proper point of combination. A dozen herds of cattle driven 
over the road are needed to effect a proper combination; perhaps 
a thousand sheep would effect the proper puddling of pipe clay more 
easily. Aside from this difference there is one other point well 
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worth noting regarding pipe clay. It shows this tendency to form 
lumps when dug or plowed up in the pit. If these lumps are not 
broken before they are dropped on the road it is very difficult to 
produce a proper clay bed with an even and uniform thickness over- 
laying theesand. Eventually these lumps will cause inequalities in 
the surface. Considerable care should be exercised to have the 
pipe clay as finely divided as possible when placed on the road, so 
that it can be spread evenly. 

It should not be forgotten that sand is needed in considerable 
quantities for pipe clay and that the proper time to add it is when 
the clay is in a muddy state and being puddled. 





Fig. 2.—Section of road covered with sand-oil. To be replaced by gypsum. 


SAND-OIL COVERING FOR A SAND-CLAY ROAD. 


At Garden City, Kans., oil was tried on a section of a very sandy 
road, and it had been planned to parallel the oil with gypsum 
sand-clay. The suggestion was made that this oiled sand might 
with advantage be spread evenly over the finished part of gypsum 
sand-clay. So far this is an untried experiment and results are not 
known, but the object is to provide a dustless covering to the gypsum 
road, resisting both wind and rain. It might possibly have the 
additional effect of providing a cushionlike protection to the hard 
surface below. Thus the three things which might result in the 
betterment of the road are a dust preventive, a wind and water 
resistant, and a cushionlike effect to relieve the impact of travel 
and thereby prolong the life of the road. At Garden City, Kans., 
the sand is already saturated with the oil, and the experiment may 
be tried with little or no cost. (Figs. 2 and 3.) 
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It is well known that the successful use of oil in road building 
depends largely upon the nature of the materials used. N atural oils 
vary widely in their characteristics and the same may be said in 
regard to tars. The possible use of bituminous materials in connec- 
tion with sand-clay construction must be worked out gxperimen- 
tally before definite instruction in regard to it can be given. 


EXPERIMENTS IN THE MIDDLE WEST. 


We may now proceed to give concrete examples of work actually — 
dorie and a description of the methods pursued in construction. To 
this end a description will be given of the roads at Garden City, 
Dodge City, Bucklin, and Ford, Kans., with the peculiarities of each 





Fic. 3.—Gypsum road winding through sand hills. 


case and the methods employed, together with results of inspection 
of these roads after a year’s use. In addition to this a few views of 
these roads will be given as they appeared one year after construction. 

Garden City, Kans.—The road selected at Garden City was a part of 
the Santa Fe road leading south from the station. The work was 
begun at the foot of the sand hills on the southern side of the Arkan- 
sas River. From the starting point the grade rose about 6 per cent, 
or perhaps a little more, for a distance of about 500 feet, and then ran 
level for some distance. To give this heavy grade a hard surface 
was of the utmost importance, because it was impossible with the 
funds available to reduce the grade, and a change of location was 
out of the question. 

About 800 yards east of the road a deposit of gypsum clay was found 


and uncovered, and from this pit were taken 68 cubic yards. It was 
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abandoned because of the heavy sand between the pit and the road, 
_ and for the additional reason that the sand could be stripped from a 
gypsum deposit near the road and material obtained there more 
cheaply. This pit was immediately on the roadside and promised 
sufficient material for the completion of the contemplated section. 
It proved a wise decision to use this pit, for it was found that it 
improved in quality as the excavation became deeper. It showed 
greater tenacity and bonded much better than that from the first pit. 

Because the road was practically level in the cross section, no 
preparation at all was made in the subgrade, except to stake out the 
center and side lines in order to guide the teamsters in hauling. 
The proposed width was 12 feet of clay, and for this width a full 
load was dropped on either side of the center and a half load in the 
middle between the side loads. The whole was spread as evenly as 
possible by hand and hauled over as fast at it was spread. All 
weak and defective places were reenforced as soon as they appeared, 
and the proper crown was formed as the work proceeded. An effort 
was made to add the clay to a depth of about 9 inches and a width 
of 12 feet, but, since there were no shoulders and since 12 feet made 
too narrow a road, the material was allowed to spread to 14 feet, so 
that the clay tapered off 12 inches on the sides. In this simple man- 
ner the entire section of 765 feet was constructed. The operation so 
far consisted simply in hauling gypsum clay and spreading it evenly on 
the road in a straight line and to an even depth and width. During 
this time the public was allowed undisturbed use of the road, and 

was even invited to use it for the purpose of packing the surface. 
After this packing was accomplished, fortunately a very heavy 
rain fell and effectually saturated the clay and the sand beneath 
it. The road was then harrowed with a toothed harrow to break all 
the lumps on the surface and to prepare it for the sand which was 
next to be added. For the sanding a heavy two-horse turning plow 
was used, and the sand was backfurrowed up to the clay on both 
sides. A common drag was then used to pull the sand upon the 
clay and the harrow was used to mix them. Finally, after several 
draggings and harrowings, the road was left for travel. After one 
year the same road was visited and was found to be as firm and 
hard as macadam. The people are so well pleased that they have 
continued the construction entirely across the sand southward for a 
distance of 7 miles. 

Dodge City, Kans.— At Dodge City a part of the Minneola road was 
selected. This road, like the one at Garden City, was south of the 
Arkansas River in the sand hills. The sand here made so serious an 
obstacle that the road was little used, and travelers preferred to go a 
mile or more out of the way to avoid it. A search for clay revealed, 
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near the middle of the section to be improved, a deposit of sediment 
from an irrigation ditch. This deposit was about 18 or 20 inches 
thick and extended over an area of 3 or 4 acres. It was decided to 
use this material, because it was the only thing at hand. Accord- 
ingly it was plowed as deep as two horses could pull the plow. It 
was then found to be dry enough to granulate perfectly, and conse- 
quently it was in fine condition for loading into wagons and spread- 
ine on the road. The loading was done by hand and common farm 
wagons were used. For the wagon boxes the material used was 2 


by 4 inch scantling for the bottom and 13 by 10 inch planks for the 


sides; all were 11 feet long. Two by 6 inch scantling is perhaps 
better for the bottoms than the dimensions given above, because this 
size requires less handling. 

The preparation of the subgrade was made in advance of the clay 
hauling and was done in the following manner: Unlike the work at 
Garden City, a subgrade of definite form and width was prepared. 
The center line was first laid out and backfurrowed in the manner de- 
scribed on page 18. The specifications given there were also followed 
in dropping and spreading the clay. During the construction there 
was no rain and dust formed an inch or more deep. Into this a large 
amount of sand was harrowed, and the road was finally covered with 
a layer of sand in preparation for rain. When the rain came the 
sand was completely absorbed by the clay and an additional ap- 
plication was required to overcome the tendency to stick. This was 
added after each rain and worked in as opportunity allowed. The 
clay also cracked quite deeply when it dried out, and to meet this 
contingency more sand was added and worked into the cracks with the 
drag. Shoulders were plowed up on either side in the same manner 
as at Garden City, and sand was pulled upon the clay with a two-horse 
erader. A large grader was also used to dress the road and €o pull 
sand upon the clay; but still better was the drag scraper for sanding 
the clay. This method proved the most satisfactory of all. By this 
means all high places on the roadside were graded, and the sand 
thus obtained was used to cover the clay. The use of the drag 
scraper was found far more expeditious than hand work. No-roller 
was used on this work, but the travel was so distributed as to roll 
every portion of the road evenly. 

One year after the road was constructed the accompanying photo- 
graph (fig. 4) was taken. The road has shown its ability to withstand 
travel and has converted what was formerly a little-used road into one 
of the most heavily traveled roads leading into Dodge City. It has 
clearly demonstrated the value of a good road. Formerly the farm- 
ers who had to travel along it were seriously considering the advisa- 
bility of selling their farms and going where the roads were better. 


Now they easily haul 60 bushels of wheat with a two-horse team. 
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In fact, the usual benefits which are brought about by good roads 
were quick to follow the successful outcome of this work inaugurated 
by the Office of Public Roads. 

Bucklin, Kans.—Simultaneously with the work at Dodge City, a 
section of an experimental road, 5 miles north of Bucklin, was con- 
structed. The section laid out was supposed to be a mile and a half 
long, and the plan of construction was identical with the work at 
Dodge City. For the material for giving a hard surface there was no 
artificial lake of sedimentary clay, as at Dodge City. At first it was 
thought that it would be necessary to haul all the material from the 
river valley up the hill, but the inspection of a basin on the summit of 
the hill, near the south end of the section, indicated the possibility of a 
fairly good material, which, if it should have the necessary binding 





Fig. 4.—Object-lesson road at Dodge City, Kans. 


power, might mean a great saving in the cost of construction. From 
this point a haul downhill could be obtained, and from the importance 
of this matter it was deemed worthy of trial. Some of this material 
was plowed up and put on the road. This surface material at first 
showed a tendency to blister, and its binding power seemed very 
slight, but as the depth of the pit increased a decided improvement 
was apparent and excellent material was found beneath the surface 
soil. <A great saving in the cost of construction, well worth the ex- 
periment, was thus accomplished. 

At the south end of the road, 3,276 feet of road were clayed from 
the clay pit described above. This was a haul downhill, and the 
material was spread on heavier than is usually done because it seemed 
likely that it would not support thetravel. Theworkwas then stopped 

(Cir. 91] 


oS SAND-CLAY AND EARTH ROADS IN THE MIDDLE WEST. 


at the south end and begun at the north end of the section. At this 
end 995 feet were clayed and, when a bed for clay in the intervening 
space, which was about 2,500 feet long, had been prepared, it was 
left for the community to clay according to the plan given them. 
This was done by them, and one year after the work was done the ac- 
companying photograph (fig. 5), showing this road, was taken. It 


will be observed that, while it is not smooth, it is not cut into ruts, 


and only the surface has picked up. The night before the photo- 
graph was taken it had rained quite hard and had softened the sur- 
face sufficiently to cause it to pick up when travel passed over it. 
This indicated an insufficiency of sand on the surface and more had 
to be added to prevent this stickiness. ‘The remedy in such cases is 
to cover the surface with sufficient sand to overcome this tendency. 





Fig. 5.—Object-lesson road at Bucklin, Kans. 


Ford, Kans.— The construction at this place was quite peculiar, because 
of the weather conditions. During the night the road would freeze 
hard, and, in order to take advantage of this condition, the gumbo- 
clay found in the river valley was plowed up in the afternoon when it 
had thawed out. The next morning the clay plowed the previous 
afternoon would be in frozen lumps as hard as stone. The men used 
gloves and threw these frozen lumps into the wagon by hand, as they 
would have done stones. In this rough state it was hauled upon the 
road and spread as well as possible. It was impossible to give a 
surface to the road until it had thawed in the afternoon. Then it 
was smoothed to some extent and the clay was covered with sharp 
sand 3 inches deep. Certainly no more crude form of constructio 
could have been followed, but conditions were such as to prevent th 


use of any other method. This section was only a short approach 
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to a bridge. One year after this work was done the accompa- 
nying photograph (fig. 6) was taken, and, while the road was quite 
wet, still it shows from the tracks that the mud is not more than an 
inch deep and needs only a little more sand to overcome the excess 
of clay. This example shows how simple is the construction, and 
yet how effective, when clay is used for hardening the sand. The 
approach was a heavy sand bar, and had to be raised with sand 2 
feet or more in places in order to make the grade easy. 

These four experimental roads were constructed with local mate- 
rial and local conditions were met at the least possible cost. It is 
believed that a careful study of local conditions in any community 
will reveal many possibilities for improving the roads at a compara- 
tively small cost. To aid in this study this article has been written, 





Fia. 6.—Object-lesson road at Ford, Kans. 


and it is hoped that a lively interest may be created in this work, 
and that the suggestions herein contained may be productive of 
much good in the great Middle West. 

Where work of this kind is undertaken it may be well to make 
several experiments and tests and to note the difference in the results. 
In all forms of sand-clay construction the process requires the final 
mixing to be in the wet state, as otherwise there can be no bond. It 
is also of the utmost importance to use the drag frequently on the 
road during the first year, and as often as any part shows a tendency 
to stick or pick up 1t should have a surface coating of sand to prevent 
the clay from being carried off. It is necessary to study the needs 
of the road by actual observation rather than to endeavor to learn 
them from printed rules. Local conditions must be studied and 


overcome on their own ground, 
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The following is a summarized statement of the work on the four 
roads just described and the cost of the different operations: — 


Garden City, Kans., Santa Fe road; date of construction, October 12 to 20, 1908. 


Dimensions of road: 


Length of road sic. 222 2 tc ccnite eh for ee ee ee eee feet... 765 
Width .of road; including ditches: <2 sss. see ee = re eee doves 30 
Width. of part clayediigiw. 120/22 eS ae ee done ni 4 
Depth of claysec su. dae te aso eee ee inches. . 9 
Work of construction: 
Clay hauled sic c.5 25 ete es lectern cubic yards. . 256 
Surface clayed isis. ceo. ee ee en re square yards. . 1,020 
Cost of construction: 
Siripping clay in pit ..2 0.6.2. ee Se $7. 17 
Plowing up clay.im pit. 2... 20,220 oles we 10. 50 
Loading clay by hand ‘into wagons---.-2- 4.5.2. oe oe oP 33. 00 
Hauling clay to road..2-.-/.2.02..-2225% "Loe ed ene Dee ee 89. 50 
Spreading clay.on road. 22.222 52222. 2) ieee 7 Oe 
sanding, harrowing, and finishing road_!22. 4-22 2-255.. =ee 2. 33 
Totalo. os Seeds s pee le ees oe ee ee 102. 50 
Cost of clay on road “per cubic yard..7 2) 22. 9 es . 40 
Cost: per square. yard of part clayed.--. os. .....2-.-+..--- =o . 10 
Rate; per mile.o3..s2..4...3 2 led ee ee eee 707. 45 


Dodge City, Kans., Minneola road; date of construction, October 22 to December 10, 1908. 


Dimensions of road: 


Length of-road si. eas cae. oa feet. . 9,750 
Width of road, including ditches........... 2 a ee ee dost 30 
Width ofclay.2.. 2 a eee doses 14 
Depth of clay and sand composition: . 222. /eaesua se eee inches. . sk 
Work of construction: 
Earth excavated .:: 00 osteo. eo se pe Ce 2, 539 
Glay hauled. 2y 320 Pe ie ce eee do. 2.3 See 
Surface clayed 2.2.02: eek eee ee square yards... 15, 167 
Cost of construction: 
Foreman for work. -2324:..2. {2.053 2 Se eee $51. 50 
Filling from barrow pit=i1.2. 230s, 2.<c oe» oe ee ee 9. 00 
Excavation (2,539 square yards).........:..-.++-..s8-0e00 oe 387. 69 
Shaping subgrade (15,167 square yards)......)...1../. 22.55.) 70.00 
Plowing up clays s2.s.) 22k 2 i te ee ee 54. 875 — 
Loading clay by hand=:..cc. alu... =. "a 470. 00 
Hauling clay to road 2...) 4.222... 20)s<.0 0 ee 608. 38 
Spreading clay on road /2/..3. 2220.24 93. 00 
Harrowing and mixing clay and sand......................- a 6. 00 
Sanding road and building shoulders.................. fe 107. 685 
Dressing road. with grader..-....)...-...-.0....0..0) +d 
Work on bridge; timber,.ete.2. 5.0) Geena Sis a a det oer 59. 53 
Repairs, water boy, and sundries.:..2......./..-.......0).) eee 3. 75 
Livery for experte:/3:..2. 2344, Ua eee Pete... 49. 00 
Miscellaneous... ........02 00s 0.-2usoe ec) heats se ee, ee 
Total. 222060 ete ee ee 2, 097. 41 
Cost of road per square yard of clay.....................-.-........., me ks 
Rate per mile... ...3 sas. 5s 3s veae-s oe ee 1, 135. 83 
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Bucklin, Kans., Spearville road; date of construction, November 21 to December 24, 1908. 


Dimensions of road:. 





MIITIRCIRTEICL OLE Sop ne rd ea sonata sees feet. . 8,121 
Sumer road. Including ditches: ... 220.2... 22.0.0 Leda ele eee ddwees 30 
INI CIAVOL Se yet nn oe oe od a eee od chews dove 14 
TSENG BAC 9 BS Rae oe a davis 4, 271 
tr et chee gare AL he ents Ss OS Se Se inches. . 12 
Work of construction: 
EIS UOC 5.9? eat Oe Oo Die owe es Si a's Se a cubic yards. . 1, 584 
MI ee ete aw a FS oS oe eee os dare 1, 883 
RIE tb ee eee). Mon no te de. se Bquare yards-: 6, 644 
Cost of construction: 
ERASE DME stalin erect OS Se che ekg $50. 00 
a pn oo GU rnc i Se oe 224. 07 
PERRI CaO ons. oe nen nse Cohen cote hc ees 2. 34 
ICR INE ete ne ee en ne Be eK ok oe we Lee nies 16. 75 
Mem Clay into -wacons...2.. ©... 222.600. levee eee cle. 235. 75 
ENERGON eS 0 Re 2 ical Sa a a ne 304. 875 
PERRO a ek Bee She 5 aed dies Mie) ons 44, 625 
I Re Set Sos eo oS ae cee eet oe HS? 5. 67 
GE 19 Hee ey ge te os sd ein oes Sie ae be oe ince ee 5. 25 
SARE OP oa cre eg dee ee Fee Sa ea 9. 00 
SNR ee ee, ae LS be eed eke Sees Se ee 8. 36 
Menem PetindUarosvard. Of Clay -2. 2-222. b vee es este od - ke 14 
Be TPS (cS mt, 1, 183. 64 
Ford, Kans., Spearville road; date of construction, December 17 to 21, 1908. 
Dimensions of road: 
See ol ETC S84 ee Ag ap ag i aa feet. . 350 
RINE eee re ene ee Se aoe PO as ee Se ak dieters 30 
MIT tee (VCO cae ys Se els ls eee te aa ee diinet, 16 
MEE Aer NP Se ne oe Wat See oe en SO inches. . 13 
Work of construction: 
Fling in and widening road.......--.... tee eet cubic yards. . 250 
STS RO SS arc cere a Re ae ert eae Slee es 179 
RC lee et eee ne tas se Ses s+» -8qQuare yards. 622 
Cost of construction: 
EES CEUTA ESS a7 OF ee a $17. 25 
sk CUES Yi hatte ie Soh og et ne ee 10. 50 
Be 5 Mi 8 a Re ee ee 60. 00 
(RE id ES oR SE ee 8. 00 
ALES Ge ad C0 pd ee EC ge ek ea aa 8. 00 
MOA WALL OTAC Cl. fens cis 2 - o akler wine ie = eine es oe PE oe 50 
rN ME Oa nr ce Ret iden vG wie c's sks - he eno peste 104. 25 
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United States Department of Agriculture, 


OFFICE OF PUBLIC ROADS—Circular No. g2. 


LOGAN WALLER PAGE, Director. 


PROGRESS REPORTS OF EXPERIMENTS IN DUST 
PREVENTION AND ROAD PRESERVATION. 


INTRODUCTION. 


A number of experiments in dust prevention and road preservation 
were conducted by the Office of Public Roads during the summer of 
1909. Itis the purpose of this circular to describe these experiments 
and to report the results obtained from experiments conducted along 
similar lines in previous years. Descriptions of these earlier experi- 
ments have already been published in Circulars 47, 89, and 90. The 
experiments conducted at Washington, D. C., Youngstown, Ohio, and 
Ithaca, N. Y., during the past summer will be described first. 


EXPERIMENTS AT WASHINGTON, D. C. (1909). 
WASTE SULPHITE LIQUORS. 


EXPERIMENT No. 1.—SPEcIAL PREPARATION. 


In this experiment a concentrated waste sulphite liquor prepara- 
tion was employed in the surface treatment of a macadam driveway 


for the purpose of determining its road-binding and dust-laying © °° 


properties. The road selected for treatment is located in the Agri- — 
cultural Department grounds, Washington, D. C., and connects Thir- 
teenth and Fourteenth streets. It is built of trap rock with a soft 
limestone binder and, although subjected to only a moderate amount 
of light traffic, becomes quite dusty in dry weather. 

The preparation was furnished free of charge by the manufacturers 
in 60-gallon barrels. It proved to be a dense sticky liquid, miscible 
with water, and having a specific gravity of from 1.267 to 1.270 at 
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25°C. Its binding value is dependent upon the presence of so-called 
calcium-magnesium-ligno-sulphonate, which is produced in the 
manufacture of wood-pulp according to the sulphite process. 

Application was made by means of an ordinary 300-gallon sprin- 
kling cart, and a mixture of equal parts of the preparation and water 
employed. The roadway was sprinkled three times with this mux- 
ture at the rate of 0.54 gallon per square yard. The preparation 
itself was, therefore, applied at the rate of 0.27 gallon per square 
yard. The section treated was 615 feet in length and 16 feet in 
width, giving a total of 1,093 square yards. ‘The mixture was fairly 
well absorbed by the road, but a small amount was lost by drainage 
to the gutters. This application was made on March 17. Until the 
middle of May the results obtained from this treatment were quite 
satisfactory; the dust was successfully laid and the road surface well 
bound. Rains seemed to wash out the material much less than 
might have been expected. About May 15 the road showed signs of 
becoming dusty and was watered for a number of times. On June 1 
another treatment with the sulphite liquor preparation in a 20 per 
cent dilution was given for a width of 12 feet in the center of the road. 
This application was made at the rate of 0.366 gallon of solution or 
0.073 gallon of the preparation per square yard, and 820 square 
yards were thus covered. The cost of this experiment, together with 
experiments 2, 3, 4, and 5, are given on pages 3-4. While no charge 
was made for this material, it is figured at a minimum cost of 12 cents 
per gallon, delivered at the road. 


EXPERIMENT No. 2.—CRuDE WASTE SULPHITE LIQUOR. 


The road treated in this experiment and in the three following 
is a branch of that described under experiment No. 1, and runs nearly 
parallel to Fourteenth street. It does not, however, receive quite as 
much travel as the former. A crude waste sulphite liquor obtained 
from a pulp and paper company was applied at the rate of 0.5 gallon 
per square yard. As only one barrel of this material was available 
for use, it was sprinkled upon the road by means of common garden 
watering pots and ‘‘broomed”’ into the road surface. Application 
was made for a width of 12 feet, and 90 square yards of surface adjoin- 
ing the first section were treated. The material was readily absorbed 


by the road, but did not appear to be as satisfactory a binder as the 
first preparation. 


EXPERIMENT No. 3.—CrupE WASTE SULPHITE LIQUOR. 


This experiment was made in the same manner as experiment No. 
2, with a sulphite liquor of 1.049 specific gravity (25° C.), obtained 


from another pulp and paper company. The rate of application was 
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0.5 gallon per square yard, and 90 square yards of roadway, adjoining 
section 2, were treated. This material was even more readily absorbed 
than that described in experiment No. 2, and seemed to produce a 
less satisfactory surface condition. 


EXPERIMENT No. 4.—CONCENTRATED WASTE SULPHITE LIQUOR. 


In this experiment a concentrated liquor of 1.220 specific gravity 
(25° C.), obtained from a third pulp and paper company, was applied 
in the same manner as described in experiment No. 2. The liquor 
was, however, diluted with an equal volume of water, and the mixture 
thus produced was applied at the rate of 0.44 gallon per square yard. 
Twenty-two hundredths of a gallon of the original liquor were there- 
fore consumed per square yard. A section of 114 square yards, 
adjoining section 3, was treated with this material, and the appearance 
of the road after treatment was quite similar to that produced by the 
use of the first preparation. 


EXPERIMENT No. 5.—CONCENTRATED WASTE SULPHITE LIQUOR. 


This experiment was identical with experiment No. 4, except that 
the material was used in full strength. A section of 45 square yards 
was thus treated, and one-half of a gallon of the liquor was applied 
per square yard. It was not readily absorbed by the road, but after 
being ‘‘broomed”’ in produced a well-bonded surface. 


COST DATA. 


While the cost data can not be accurately figured, owing to the 
fact that no charge was made for material and that a number of engi- 
neer students took part in the work, the following is an approximation 
of the cost of eight-hour labor for the various experiments. 


TasLEe 1.—Cost of labor in experiment No. 1 at Washington, D. C. 


‘wo laborers for bailing liquor, 2 day, at $2..............------------------ $1. 50 
Sueaprinkling cart, ¢ day, at. $5.......-..---.22------- 2-22 eee eee see eee 1. 88 
RE I IE TD et ge a ee 3. 38 
Cost of labor per square yard (1,093 square yards total), first application .... . 0031 
Approximate cost of material per square yard, first application........-..--- . 0324 
I tee Pea re et ce cite asco cs gerece seers rene 0355 
Two laborers for bailing liquor, 75 day, at $2 ....-...------------------++--- nou 
One sprinkling cart, 3; day, at $5 ........----------- +--+ +--+ 222 errr eee ee . 94 
SE es ig 8 2 nit ae Sie Sia sietm = Slain ese pele ped 1.19 
Cost of labor per square yard, second application.......--.---------------- . 0011 
Approximate cost of material per square yard, second application...........-. . 0088 
renee tener bet) ale ERNE. Dae. ces ah ote aee oot eee neces . 0099 
Total cost per square yard..........--------- 2-22 - serene cece ec eteees . 0454 
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TABLE 2.—Cost of labor in experiments Nos. 2, 8, 4, and 5 at Washington, D. C. 





Four laborers, ¢ day, at $2... .- 2+ .'e smn - 0 ee ie ee ee eee $2. 00 

One'foreman, # day, ab $3.~. e ae e etee ae ee ee 2 .75 
Total sece asst col en's cin Se ote ele Bee pele pce Wott ee ne ee ar 2.75 

Cost per square yard (339 square yards total)........-.......-..----4 Bie 26 0081 


SUMMARY OF EXPERIMENTS CONDUCTED AT WASHINGTON, D. C. 


The use of crude waste sulphite liquors as described under experi- 
ments Nos. 2 and 3 proved but little more effective than water so far 
as laying the dust was concerned. For the first six weeks experi- 
ments Nos. 4 and 5 were as satisfactory as experiment No. 1, but owing 
to lack of material it was impossible to make a second application. 
With the exception of No. 1 all of these experiments were made upon 
such short stretches of road that no very definite conclusions could 
be drawn, but all indications point to the fact that the application of 
a solution of about 1.13 specific gravity at the rate of approximately 
0.5 gallon per square yard is fully as effective as the more concentrated 
material. The second application described under experiment No. 1 
laid the dust satisfactorily for a period of six weeks, after which the 
road slowly reverted to its original condition, although the excellent 
binding value of the material was apparent for some time later. | 
From these experiments it would seem that crude waste sulphite 
liquor in single applications has but little value for road treatment, 
but that the concentrated material may be classed as a temporary or 
semipermanent dust preventive and road binder. It is possible, 
however, that, if crude liquor were applied daily as in ordinary 
water sprinkling, its use would prove economical in localities where 
it is produced, and that the base would concentrate in the road and 
eventually become a valuable binder. 


EXPERIMENTS AT YOUNGSTOWN, OHIO (1909). 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA- 
TION, AND SLAG AND TAR. 


During the summer of 1909 the Office of Public Roads, in coopera- 
tion with the Carnegie Steel Company, conducted a series of experi- 
ments at Youngstown, Ohio, to determine the best method of utiliz- 
ing slag for road construction. 

In the reduction of iron ores, the iron as it melts settles to the 
bottom of the furnace, while the impurities unite with the fluxing 
material to form what is known as blast-furnace slag. While the iron 
varies little in composition, the slag is by no means as uniform, owing 
to variations in the ore and flux. This slag is usually drawn off in a 


molten condition into large ladles holding about 140 tons each. 
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Sometimes it is run into a large vat of water to form what is known as 
granulated slag, a fine, crispy, glassy product, which is often used as 
a substitute for sand in concrete mixtures. Sometimes the slag is 
partially cooled in the ladle. When this is turned out and exposed to 
the air, or when astream of water is thrown upon the cake, it rapidly 
breaks down into a fine dust of crystalline structure. As a rule the 
cars are hauled along a track to the edge of a bluff, where the ladles 
are dumped, allowing the slag to run out in thin layers to cool. The 
surface of the slag bank soon solidifies, but, where the product is 
poured from several large furnaces, the banks formed remain warm 
for along time. It is generally believed that a slag bank should be 
allowed to season for at least two years before the slag is used. 

It is evident that slag, even in the same bank, may vary greatly in 
composition, in hardness, and in structure. Where slag is deposited 
in large banks, it is most easily excavated by means of a steam shovel 
which starts at the bottom and plows up through the material, 
breaking up and, at the same time, mixing the different layers. 
One-third of the slag obtained in this manner at Youngstown was 
found to pass a #-inch screen. Of the coarser material about one- 
third was less than 14 inches in greatest diameter, while only a very 
small per cent was over 34 inches. 

Most of the iron produced in the blast furnaces is converted into 
steel by various processes. In one process the crude metal is further 
purified in what is known as open-hearth furnaces. Here again a flux 
is used which rises to the surface of the molten mass as slag. This 
slag is run into small cars and formed into cakes about 6 feet square 
by 18 inches deep. When cold, these cakes are taken to a “‘skull- 
cracker” and broken up in order to separate the large amount of 
scrap iron which is always present. The utilization of this slag has 
been very limited, although it possesses many desirable properties, 
such as extreme hardness, toughness, and, frequently, excellent 
cementing properties. In the separation process a small amount 
breaks up into pieces less than one-fourth inch in size, usually with a 
large per cent of ‘‘man size” remaining. 

A number of other slags are also formed in different processes of 
manufacturing steel, but usually in smaller quantities. 

In the experiments at Youngstown the blast-furnace slag was 
taken from a bank that had aged for about two years and the material 
of which came from six furnaces of the same type. A steam shovel 
was used to load the slag from the bank into large gondola cars and 
these cars were drawn to a gravity screen, where the slag was dumped 
into a chute and passed over the screen to separate it into proper 
sizes. At first a 34-inch screen was used. The finer screenings fell 
into one car, while the coarser fell into another. The latter material, 
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as a rule, was very soft and crumbly, and was discarded, while the 
former was reserved until an amount sufficient for the work was ob- 
tained. As the slag could be passed over only one screen at a time, 
this proved to be a costly operation. The screened slag eventunlin 
obtained was quite uniform in character. After it had been properly 
sized, it was taken by rail to a siding about 14 miles from the road 
upon which it was to be used. Here it was loaded into Wweegne and 
hauled to the road. 

The road improved was located just outside the city limits on Belle 
Vista avenue, running south from Mahoning avenue, for a distance of 
2,754 feet. The soil was a gravelly clay, sticky when wet and dusty 
when dry. The road was level for only 100 feet, while the contour 
elsewhere was rolling. The maximum grade was 4.5 per cent. This 
road is used by the farmers in hauling their produce to town and sus- 
tains also a heavy automobile and a light carriage traffic. As the 
county of Mahoning did all the grading before the Office of Public 
Roads commenced work, no cost data were kept for this item. Grad- 
ing was done by contract at a cost of 22 cents per cubic yard for exca- 
vation. The total cost of excavation for the entire road, including 
the cost of retaining walls, amounted to over $2,000. 


EXPERIMENT No. 1, Section No. 1.—Buast-FURNACE SLAG MAcADAM. 


Section No. 1 was constructed as in regular macadam work. The 
first course consisted of blast-furnace slag ranging from 34 inches to 
14 inches in diameter, laid loose to a depth of 9 inches and rolled until 
firm. This material was laid for a distance of about 100 feet on a part 
of the second section by mistake, and after it had been rolled a con- 
siderable amount of material was hauled over it. Though each team- 
ster drove in the same track, only very small ruts were formed—an 
indication that the coarse slag was firmly keyed together. The 
second course was laid 4 inches deep at the center and 24 inches at 
the side, with the same kind of material, varying from ? inch to 14 
inches in size. This was rolled until smooth, but it did not become 
absolutely firm until the top course of screenings ranging from three- 
eighths inch to dust had been applied. After spreading the screenings 
and rolling slightly in order to fill the voids as completely as possible 
with the fine material, water was applied in the usual way, by means 
of a sprinkler, and the rolling was continued. In a very short time 
the water began to run off the surface, which then became quite solid. 
As the road dried out, however, the surface became crumbly and 
required additional rolling and sprinkling. When the work was 
completed, about the middle of August, this section was in good con- 
dition except for one or two small places. From the behavior of this 


material indications point to the advisability of sprinkling the surface 
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every day for about ten days in order to develop the full binding value 
of the slag screenings. 

The cost data for all of the Youngstown experiments are given 
on page 10. 


EXPERIMENT No. 2, Section No. 5.—Buiast-FURNACE SLAG. 


This experiment was made at the suggestion of the Carnegie Steel 
Company, who wished to ascertain if the cost of construction could 
be lowered without producing bad results. The first course of section 
No. 5 was composed of #-inch to 34-inch slag, laid 12 inches deep at 
the center and 9 inches at the side. Owing to the great range in sizes 
and the method of screening, there was considerable lack of uniformity 
between different loads of the material. Since this course was thick, 
it required more rolling than the other first courses. The road con- 
sisting of this single course was finished in the same manner as de- 
scribed under experiment No. 1, after slag screenings running from 
three-eighths inch to dust had been applied. The surface was well 
bonded when inspected at the beginning of last fall. 


EXPERIMENT No. 3, Section No. 6.—BLaAst-FURNACE SLAG. 


The first course of section No. 6 was laid 9 inches deep with slag 
varying in size from 34 inches to dust. This material, like that em- 
ployed for experiment No. 2, was lacking in uniformity. The second 
course, 6 inches deep at the center and 4 inches at the side, was com- 
posed of 34-inch to }-inch material. Hach course was well rolled, 
and the section was finished in the same manner as in experiment No. 
2 and with similar results. 


HXPERIMENT No. 4, Section No. 7.—BuLaAst-FURNACE AND OPEN-HEARTH. SLAG. 


Section No. 7 was constructed in the same manner as section No. 6, 
except that fine open-hearth slag screenings ranging in size from 
4-inch to dust were used in place of the blast-furnace slag screenings. 
When puddled this material set very quickly and produced a firm 
surface. The open-hearth slag was prepared by crushing the slag 
left at the ‘skull-cracker”’ after the ‘‘man-size”’ blocks had been 
removed. Care was taken to prevent iron from entering the jaws 
of the crusher. After leaving the crusher, it was placed in a dry 
roll mill, where it was ground to fine screenings, a large percentage of 
which became dust. This material was taken to the road and spread 
about 14 inches deep. The addition of free lime, as described under 


experiment No. 5, was not considered necessary, as these slags when 


finely powdered frequently have high binding properties, owing to the 
presence of free lime and silicate minerals which when moistened 
produce a true hydraulic set. 
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Experment No. 5, Section No. 2.—Biast-FURNACE SLAG AND LIME. 


Section No. 2 was constructed in the same way as section No. 1, 
except that 5 per cent of powdered quicklime was mixed with the 
slag screenings, from % inch in size to dust. This addition was made 
to hasten and increase the bond of the road surface by the chemical 
action of the caustic lime, when freshly slaked, on the mineral con- 
stituents of the slag dust. In mixing the two, the fine slag was meas- 
ured out on a mixing board and the 5 per cent of lime spread on the 
top. This was turned twice and then loaded on wheelbarrows or 
shoveled directly upon the road. The slag had been dumped, in 
separate loads, on one side of the road, and, as the screenings were 
spread, the mixing board was moved ahead about 30 feet at a time. 
Upon being sprinkled and rolled, the surface bonded very quickly and 
became solid. It did not become crumbly or “calk up” under traffic 
as did section No. 1. It was observed that better results were 
obtained from the use of very fine screenings than from coarser 
material. 


ExperIMENT No. 6, Section No. 3.—Buast-FURNACE SLAG AND WASTE SULPHITE 
LiquoR PREPARATION. 


Section No. 3 was constructed in the same manner as section No. 1, 
except that a concentrated waste sulphite liquor preparation of 1.273 
specific gravity, similar to that used in the experiments at Washing- 
ton, D. C., was mixed with water and used to puddle the surface. 
The sprinkler, after having been filled with water, was conducted over 
sections Nos. 1 and 2 and enough water sprinkled on these sections 
to leave space in the tank for the desired amount of the sulphite liquor. 
After this material had been poured into the sprinkler, a hoe was used 
to mix the two together thoroughly. The mixture was then applied 
to the road and, as the solution tended to run toward the gutters, care 
was taken that the center should receive the heaviest treatment. At 
first one part of the liquor to seven parts of water was used, and this 
produced a very thin solution, which penetrated several inches into 
the wearing surface. As the voids were gradually filled, it became 
necessary to add more of the liquor to each tank of water to decrease 
the rate of flow in order that the liquid might not run off the road. 
The last mixture used was composed of one part of water to one part 
of the liquor and only one-half of a tankful was applied at a time. 
This treatment was repeated from day to day as the surface absorbed 
the material. It was found necessary to roll the road shortly after 
sprinkling, because otherwise the surface soon became so sticky that it 
would pick up under the wheels of the roller. After about one gallon 
of the sulphite liquor had been applied to the square yard, a very 
smooth surface was produced which did not “calk up” under traffic. 


A few days later the surface was found to be badly cracked and blis- 
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tered for a depth of one-eighth inch, but the material below was solid. 


The section was sprinkled with water and well rolled again, leaving 
the road in good shape, but not as smooth as it was before. 


EXPERIMENT No. 7, Section No. 4.—Buast-FurRNACE SLAG AND REFINED COKE- 
OvEN Tar. 


In section No. 4 the first course was laid in exactly the same manner 
as described for section No. 1. The second course was laid 4 inches 
deep and consisted of a mixture of three parts of slag from 14 inches 
to ? inch in diameter to one part of slag varying from three-eighths 
-nch to dust, with about 6 per cent of tar. The slag was heated in a 
large pan until dry and warm to the hand. One-half of the pan was 
used for heating each size of material. The coarse slag was first shov- 
eled into a gauge placed upon the mixing board and the finer slag was 
placed on top. After the two had been turned twice, the tar, which 
had been heated in a two-barrel pot, was poured over the slag and the 
whole was well mixed. The mixture was then shoveled into wheel- 
barrows and carried to the point at which it was spread upon the road. 
The mixture was rather dry and, after rolling, it was found necessary 
to flush the surface with tar. Two large sprinkling cans were used 
for this purpose, after the holes in the nozzles had been enlarged. 
About one-fourth gallon of tar was applied to the square yard, making 
a total of about 14 gallons. A thin coat of slag (three-eighths inch to 
dust) was now spread over the surface and rolled in to fill all voids and 
to take up any surplus tar. 

This tar was obtained from a by-product coke-oven plant at Sharon, 
Pa., where it was also refined by distilling off about 17 per cent of the 
lighter oils and water. Its characteristics are shown in the following 
table. When last inspected, at the beginning of fall, this section was 
in excellent condition. 


TABLE 3.—Analysis of refined coke-oven tar.@ 








the) tee re Peta ales cine epee eee die wp ao ss Ware n'a eae 1: 217 

EN CATIA ea Ge PIP byl I Bip on 

Per cent of free carbon (insoluble in OS,, air temperature)........------------ 13.91 

Per cent Per cent 

Distillation: by volume. by weight. 

ee ie loe bce Sibiat sno ne alae ee one's oie 0.0 0.0 

BETTE LOPLI). (ecco ss sac Pelnemie's oa aires see se eee .0 .0 

Reriont cite 100-170" 00.52. peas wens Se t's ie 53.8 oe 

Oe Cae Uo cwina «osc oo Sse Nein = 0" Bie Ae bie ai Stee ¢ 26. 6 23. 4 

NETS MRE N OC oe or xin 5 gr Mate '« mea ee jos snse' ane 8 d 69. 6 73. 4 

100. 0 100. 0 

CT ee ee eee 
a Viscous. 


b Distillate practically solid when cold. 

¢ Distillate showed about one-third its volume precipitated solids when cold. 
d Pitch residue, hard, brittle, fairly lustrous. 
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EXPERIMENTS AT ITHACA, N. Y. (1909). 


TAR, OIL, ARTIFICIAL ASPHALT PREPARATIONS, BRICK, CEMENT, AND 
SLAG. 


The experiments at Ithaca were conducted by the Office of Public 
Roads in cooperation with Cornell University for the purpose of 
ascertaining the relative value of different road binders applied in a 
number of ways under given conditions. According to previous 
arrangements, the university furnished all stone, machinery, and 
necessary labor; various manufacturers donated the bitumens, brick, 
cement, and slag; and the Office of Public Roads paid freight charges 
on all donated material and furnished supervision of the work. When 
so desired the manufacturers had a representative present during 
the application of their material. 

In the experiments where bitumens were employed as binders an 
attempt was made to try out all materials according to two methods 
of construction, known as the penetration method and the mixing 
method. Work was begun so late in the summer, however, that it 
was found impossible to finish it before winter. It was thought best, 
therefore, to stop work in December and wait until spring to complete 
the experiments. 

With the exception of the brickwork no section was selected in 
advance for any given product, but each material was used in the 
order of its arrival at Ithaca upon the first section available. The 
brick was purposely laid on that section of road subject to the heaviest 
traffic. The sections mentioned in the following descriptions run 
east from the west extremity of the road. The road selected for 
these experiments is known as the Forest Home drive, and, beginning 
at Central avenue just west of Sibley College, runs east to the city 
limits, 3,000 feet. Arrangements were made to use as much of the 
state road No. 681, running from Ithaca to Dryden, as experiments 
required. This state road is a continuation of the one originally 
selected for the experiments. During 1909, about 3,900 feet of road- 
way were laid. 

The road is subjected to a rather heavy automobile traffic and a 
considerable amount of country traffic the year around. That part 
lying between Central avenue and the bridge (about 800 feet) is 
subject to a large amount of heavy hauling. During the winter 
months the frosts are very heavy and the road is generally covered 
with snow. 

From station O at the west end to station 8+50 the road passes 
over a well-formed foundation of gravel. Street-car tracks cross the 
road from East avenue at station 6+ 15 and these run parallel to the 
road as far as station 7+50. Here a 6 per cent grade extends to 

[Cir. 92] 


12 


station 9+50. From station 8+50 to station 12 the old road had 
been cut to reduce grades and exposed a layer of clay-bearing quick- 
sand, which disappeared at station 13. At this place the earth was 
excavated to a depth of about 44 feet and refilled with shale shuck. 
This filling, when well rolled, gave a very fair foundation. A 5-inch 
tile was placed at the bottom of this excavation, next to the hill, on 
the south side of the road running to station 6+75, for the purpose 
of draining the subgrade and preventing seepage from the sidehill. 
For the same purpose a 5-inch tile was placed on the south side of 
the road from station 12 to station 15+50. This foundation held up 
well when the road was completed. From station 15 to station 22 
the subgrade was excellent. That part from station 15 to station 
20 lies so that the sun strikes it throughout the day. At station 22 
quicksand was again encountered on the right side of the road looking 
east. This’ sand gradually extended into the road, underlying its 
entire width, from station 25+ 50 to station 29. A 5-inch tile was 
placed on the road next to the hill running from station 27 to station 
21, and, in like manner, a 4-inch tile from station 27 to station 30. 
As the quicksand was not as bad as on the first hill, the university had 
previously constructed an ordinary macadam road at this place, 
depending upon the tile and additional 4 inches of stone to make the 
road firm. As the road was being completed, however, it was noticed 
that the foundation waved somewhat under the roller. When finished 
the road appeared quite firm and, if the tiles are kept open, the foun- 
dation should continue to improve. All tile for this work was 
covered with either shale shuck or ashes. The road lying between 
stations 30 and 39 passes over an old roadbed where the subgrade is 
very solid. Most of the road runs along the bank of Beebe Lake and 
is about 20 feet above the water. 

The labor employed was unskilled and consisted of the regular 
campus force, together with a few extra men. Common labor was 
figured at $1.50 per 9-hour day, foremen at $3, and double teams at 
$3.50. The stone used was a hard blue limestone, costing 65 cents 
per ton f. o. b. cars at the shipping point about 60 miles away. Freight 
on this stone amounted to 50 cents per ton. The cost of constructing 
the experimental sections described below is of course excessive, 
owing to the shortness of the sections and the constant rearrange- 
ment of labor which was made necessary by the variety of work. The 
crude machinery and heating apparatus which had to be used also 
added greatly to the cost. 

The road was 16 feet wide and had 3-foot shoulders on each side. 
When the Office took charge of the work the first course of stone for a 
distance of 3,000 feet had been laid by the university. This course 
was composed of crushed stone, ranging from 14 to 34 inches, placed 


4 inches deep when loose. After rolling, a sand filler was applied, 
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until all voids were filled, and the road was again well rolled. A 
#-inch crown was adopted for all of the bitumen work. The bitumens 
were heated in a 10-barrel tank fitted with a fire box and mounted 
on wheels. Scrap wood was used for fuel. The bitumens were fed 
into the tank through a manhole in the top and, when heated, 
were drawn off through a spigot placed just over the fire box at the 
rear of the wagon. Owing to this arrangement the entire contents 
of the tank had to be brought to the desired temperature before draw- 
ing off. If any attempt was made to feed in fresh material during 
application, the cold bitumen, by settling on the bottom, would clog 
the valve. Two 2-barrel iron soap kettles were also used for heating 
the bitumen while the large tank was being recharged, but in spite 
of this the work was often delayed for lack of hot material. When 
the bitumen was sufficiently soft to flow, the barrels were rolled on 
skids to the top of the tank, the head knocked in, and the material 
drained into the tank. As there was only sufficient room to drain 
one barrel into the tank at a time, this operation consumed a great 
deal of time. Two flat 4-inch steel stone heaters, each having a heat- 
ing surface of 80 square feet, and a semicylindrical section of an old 
boiler were employed for heating the stone when required. The two 
former were used for heating coarse stone and the latter for screenings. 

A portable concrete batch mixer of the old McKelvey type was 
used in mixing both the bitumen and the cement concrete. It was 
driven by a gasoline engine connected by a chain drive. In the bitu- 
minous mixtures segregation of the various sizes of stone occurred 
to some extent while the concrete was being discharged, as the coarse 
stone came out first, while the finer material stuck to the sides of the 
discharge funnel, without, however, completely clogging it. Wheel- 
barrows loaded as nearly alike as possible each time were used in 
proportioning and transporting the mineral aggregate from the heat- 
ers or storage pile to the mixer. An old 12-ton steam roller was used 
in the greater part of the work, but was later replaced by a new 10- 
ton roller. 


EXPERIMENT No. 1, Section No. 1.—ReEFINED CoAL TAR—PENETRATION METHOD. 


The section treated in this experiment was 300 feet long and began 
at station O.- The wearing course of stone, which ranged in sizes 
from 14 inches to $ inch in its largest dimensions, was laid 4 inches 
deep when loose. As this stone contained considerable fine material 
and was damp when laid, a steel harrow was used to stir it until dry 
and to work all dust to the bottom. This proved to be a very satis- 
factory method and left a fairly even surface of coarse stone on top, 
which was then rolled until firm. The binder used in this experiment 
was a coal tar, showing the following properties: 
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TABLE 5.—Analyses of refined coal tars. 























Heavy.a Light. 
Specine gravity 20°/25° CL... nee an ce cebe oka sis 1. 248 1.215 
Float test at 32°C a Ea “te eG sate eed 9’ 36 L5's 
t of free carbon (insoluble in , air tempera- 
eee ae ene Tp ae aes 23. 95 19.36 
Per cent Per cent Per cent Per cent 
by oY, y by 
volume. weight. volume. weight. 
Distillation: ; 
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Pitehiresidue st? 22 LC teens nniees 978.6 82.3 9 67.0 72.0 
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a Extremely viscous. 

b Viscous fluid; sticky. 

¢ Distillate showed about one-half its volume precipitated solids when cold. 

d Distillate showed about three-fourths its volume precipitated solids when cold. 
e Distillate showed about two-fifths its volume precipitated solids when cold. 

f Distillate showed about four-fifths its volume precipitated solids when cold. 

g Pitch residue hard, brittle, slightly lustrous. 


This material was very viscous and flowed slowly from the barrel 
when cold. In order to facilitate handling it was found advisable 
to warm the tar for some time before attempting to load the heating 
tank by placing the barrels near a coke fire, built in a small portable 
furnace. The tar was finally heated in the tank to between 250° and 
280° F., and then drawn off into coal scuttles fitted with strips of 
metal which were riveted across their spouts, so as to give an opening 
4% inches across and one-half inch wide. The hot tar was then poured 
upon the prepared road surface at the rate of approximately 14 gallons 
per square yard. The surface was given a light coat of screenings (one- 
half inch to dust) and then rolled; and more screenings were applied 
from time to time until the surface became firm. The road was allowed 
to remain in this condition for about two weeks, after which the surplus 
screenings were swept from the surface with rattan hand brooms. 
A lighter tar than that previously used was then heated, poured 
upon the surface, and ‘‘broomed” in. The properties of this tar, 
which was applied at the rate of approximately one-half gallon per 
square yard, are also given in Table 5. Screenings were again applied 
in sufficient quantity to fill all surface voids and take up the surplus 
tar. This made the surface smooth and solid when rolled. 


EXPERIMENT No. 2, Section No. 2.—ReEFINED CoaL Tar—Mrxine Mertuop. 


Section No. 2 adjoins section No. 1 and extends east for a distance 
of 300 feet. In this experiment crushed stone ranging in size from 
1} inches to 4 inch was laid to a depth of 14 inches on the foundation 
course and rolled until firm. Crushed stone heated in the manner 
previously described was proportioned as follows: Six parts, by weight, 
of from 14 to 4 inch stone to one part from 4 inch to dust. These two 


sizes of stone were measured in wheelbarrows and carried to the mixer. 
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The coarse stone was first dumped into the mixer and about 6 per 
cent, by weight, of hot tar added. After the mixer had made two 
turns, the screenings were dumped in and mixing continued until the 
stone had become thoroughly covered with tar. The mixture was 
dumped upon a platform where it was shoveled into wheelbarrows, 
taken to the road, and spread to a depth of 24 inches. The mineral 
ageregate as laid was not entirely satisfactory, owing to the segrega- 
tion that took place upon being discharged from the mixer, and to the 
fact that the stone furnished for this work was not uniform. Part of 
the larger size consisted entirely of stone 14 inches in size, while part 
contained much fine material. The tar used on this section was the 
same as the heavy product described under experiment No. 1. 

This course was well rolled after a light coat of stone chips one-half 
to one-fourth inch in size was spread over the surface to keep the tar 
from sticking to the roller wheels. While rolling, more chips were 
added as required. When thoroughly rolled, the surface was painted 
with about one-half gallon of tar to the square yard. Enough stone 
chips were then added to take up all surplus tar and fill the voids. 
This section, when finished, presented a smooth, firm surface. In 
about two months, however, one spot showed signs of raveling. Four 
small patches were made at this place by cutting out the defective 
surface and refilling with hot stone. Tar was then poured over the 
_new stone and the surface well tamped. Sections 1 and 2 were opened 

to traffic shortly after completion. 


EXPERIMENT No. 3, Section No. 4.—ARTIFICIAL O11 ASPHALT—MrIx1InNG METHOD. 


Section No. 4 extends from station 9+ 25 to station 12. The wear- 
ing course was mixed in the same manner as in experiment No. 2, 
except that an artificial oil asphalt, heated to between 250° and 300° 
F., was used in place of the tar. Upon examination this material 
showed the following properties: 


TABLE 6.—Analysis of artificial oil asphalt « used in experiment No. 3. 
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Reeemouicesat loa... > hours (20 grams) ...;... --...---------6--2<4--s5-2-7 19% 
MEMEIIRI TOE TORING 198 ADOVE)..- ~~. -- 12 eee ee Ree en ne ne meene ne 64° 
Per cent of total bitumen insoluble in 86° paraffin naphtha........---------- 23. 96 
IREIIRE Grr ibet. 4,15 aio. id. La. .. We tee lhe 22 Le ee 8. 42 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)......-.-..-- 99. 69 
MIRE CPUADIUDIE 0.222 S22 t el ee raed. Sa ee Pe 
Me Leer ee... LOL) ft i ae oe . 20 

100. 00 





aDense, semisolid. 
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This product was shipped in sheet-iron drums, holding about 56 
gallons each. In handling it was found convenient to cut the ends 
of the drums free and also to cut a seam down the side. The drums 
were then rolled upon two small iron rails over a fire. In this manner 
a thin layer of melted oil was formed next to the metal and this per- 
mitted the casing to be easily removed. The cakes of asphalt were 
then cut up by means of a wire and thrown into the tank heater. 
_ After coming from the mixer, the coated stone was shoveled into 
dump wagons and hauled 500 feet to the road, where it was dumped 
upon a board and shoveled into place. Owing to this method of 
handling, a much more uniform mixture was obtained than in experi- 
ment No. 2. It was found that the course of bitumen-coated stone 
could be rolled before adding stone chips. This section did not 
require a paint coat of bitumen and was completed by rolling in stone 
chips as in the first two sections, in order to produce a finished surface. 


EXPERIMENT No. 4, Section No. 12.—ArtiriciAL Orr ASPHALT—Mrxina METHOD. 


Section No. 12 is a part of the state road No. 681. The foundation 
course of crushed limestone running from 2 to 4 inches in size was laid 
5% inches loose and rolled solid after a sand filler had been added. 
The course of bitumen-covered stone was laid directly upon this foun- 
dation in the same manner as described in experiment No. 2, and an 
artificial asphalt showing the following characteristics was employed 
as a binder. ; 


TABLE 7.—Analysis of artificial oil asphalt 4 used in experiment No. 4. 











specific gravity 25°/25° Oo 32 ajo ste ale gee duis nw oe 20 ee at eg ee 0. 964 
Flgat-testat 100°C. (time)... 2.0 2... loc san) 1/27” 
Melting point°C.(cube method)... 2.2... .0<..0-145.06--lss eee ee (ee 67° 
Penetration(No. 2. N, 5.seconds, 100 grams, 25° C).:..:./..2.. 0) 168° 
Per cent of loss at. 163° C., 5 hours (20 grams). .!........._....5. ee 0. 85 
minat test on residue at 100% C: (time). 22 02 st eee |. ae ee 1’ 29” 
Per cent of total bitumen insoluble in 86° paraffin naphtha. .............-..- 22.0 
Percent of fixed carbon... ......--.20+..02¢+05-2sceleet) os) 8. 60 
Per cent of bitumen soluble in CS,, air temperature (total bitumen). .....-.. 99. 74 
Organic matter insoluble... 22... .12 
Eporganic matter. .:/.0 00-3. .5 deen pe esc le canuc bs cane ee eee .14 

100. 00 


Owing tocold, damp weather this work was very much handicapped. 
The oil-asphalt was shipped in 42-gallon barrels which had been 
coated inside with whitewash. This made it possible to strip the 
staves from the material so that it could be readily cut up by means 
of a wire. This course did not bond well and had to be painted in 
order to obtain a satisfactory surface. About 14 gallons of asphalt 
were used to the square yard. 





@ Dense, semisolid. 
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EXPERIMENT No. 5, Section No. 5.—REFINED SEMIASPHALTIC OIL—PENETRATION 
METHOD. 

‘The surface of section No. 5 was constructed in the same manner 

as No. 1, except that a rather fluid semiasphaltic oil, having the prop- 


erties given below, was used. . 
TABLE 8.—Analysis of refined semiasphaltic oil.a 
eS a gg ay i a a nN 0. 955 
ETS lg ill ae ae a Bg 58/7 
Sure, (OPeN Cup). -_-.- 2-2... le i Poe aes Sees 119° 
Pe ONC CUD). 6 EL Pt te 155° 
See Or 1088,at163° C., 5:hours (20 grams). 2... 2.202.222. a ee eee. 13. 4 
MEEeerestId 1G! At 35°C; (time) J... 02. ob ee pee selec de Sra 
Per cent of total bitumen insoluble in 86° paraffin naphtha. ................ 14. 99 
IIE CRRA TSOUY es efe a epe ge i ee ws eh Pees hee 6,35 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)......... 99. 82 
IIe Oi err het. 2 a8 oo) Sab qe eater desu ne eeche hh hh 
tts) ee kre Pe Ss AI. oS a ee arene taeee SOF 
100. 00 


This material was heated to between 210° and 240° F. It could 
be easily handled and run from the barrels into the tank-wagon 
without trouble. Application was made at the rate of about 14 
gallons to the square yard. It was found unnecessary to paint this 
course, since the oil worked to the surface under the action of the 
roller after applying the stone chips. The section was in good 
condition on December 2. 

EXPERIMENT No. 6, Section No. 6.—SEMISOLID REFINED SEMIASPHALTIC OIL— 
PENETRATION METHOD. 

Section No. 6 was built in the same manner as section No. 5, 
except that a different semiasphaltic oil was used. The results of 
the examination of this material are given in the following table 
under No. 1: 


TABLE 9.—Analyses of semisolid refined semiasphaltic orls.¢ 














No. 1. No. 2. 

Nl ire es aco ath SS as Rte Sate e's oka os Sis ope ex Saw bee's oie 0. 985 0: 989 
EE Sam mea LD ITIC ane Pe ete ho oe cine ak wckb cusp cctaesenscse-s- 1’ 54” 1-56" 
EEO I 00) 4 0108 tn Se SSS a 36° 
Pemeation UNO.2 N, >seconds, 100 grams, 25° C.).....:.--.-2---22-----520+--2- 247° 196° 
Seeerenroiloss a0,163-C;, 5 hours (20 grams) ..----2-.-..-.2.5..ecen-ee neces eee 0. 00 0.04 
TEMG EOSIC IE (ASTADOVE) ses oo oo eo oes nie ba =o beac Doe ae ceed eatedee eee ce 160° 142° 
Per cent of total bitumen insolubie in 86° paraffin naphtha.............-.------- 17. 41 20. 02 
CODEC CRATE) Ue rere ie eee he oe cd Oe eee dace ed's sain Newiaie om ei sss 11, 20 11. 53 
Pea = mma mr en ae) bn = eremennene 

Per cent of bitumen soluble in CS., air temperature (total bitumen)............. 99. 86 99,77 
NIA ft SS. a 6 etn co caal ssn taepn caeeales scene 09 05 
vidos wae calves wore t Oeipeewcita ones cee gwees vein 05 ».18 
100. 00 100. 00 








a Viscous, slightly sticky. 
b Character of residue, slightly fluid, somewhat sticky. 
¢ Semisolid, sticky. 
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In this case it was found impossible to pour the oil from the wooden 
barrels, and it was therefore necessary to knock off the hoops and 
throw the barrels, with their contents, into the small heating kettles. 
The oil was then heated to about 350° F. and the staves were used as 
fuel as they floated to the top. The surface of this section was not 
painted. Stone chips were applied and rolled in, making a smooth, 
firm surface, which was in good condition when last inspected. 

The manufacturers had shipped two products, one to be used 
according to the penetration method and the other according to the 
mixing method. Owing to great similarity in the markings on the 
barrels, and to the fact that there was hardly a perceptible difference 
in the appearance of the materials themselves, over 200 feet of the 
section were laid with the product intended for the mixing method 
before the mistake was called to the attention of the engineer in 
charge by the agent of the company. The remaining 90 feet were 
laid with the material intended for the penetration method described 
in the analysis as No. 2. When last inspected there was no apparent 
difference in the results obtained from the two products. 

EXPERIMENT No. 7, Section No. 8.—REFINED WATER-GAS TAR—PENETRATION 
METHOD. 

Section No. 8 was constructed in the same manner as section No. 6, 
except that refined water-gas tar was used instead of the oil. Both 
the tank-wagon and the two kettles were used in heating this material, 
which was first warmed in the barrels, as described in experiment 
No. 1, and then poured into the kettles or tank and raised to a tem- 
perature of 275° C. The characteristics of this material are shown 
in Table 10. 

The tar-coated course, after stone chips had been applied, rolled 
down into good condition. On part of this section more tar was 
applied than had been intended, during the unavoidable absence of 
the engineer in charge. Owing to the excess of tar the surface did 
not require a paint coat; in fact, a large amount of stone screenings 
was found necessary to take up the surplus tar. 


TaBLE 10.—Analysis of refined water-gas tar.@ 





Specific gravity 25°/25° C.... . . .os ccc n wom oc ee eer ie 1. 158 
Fiocat test: at 32° C. (time) :.. 2.2.05. Asn ec cn twee anes cn ee Cae oe 5’ 10” 
Per cent of free carbon (insoluble in CS,, air temperature)..................-. L115 
Distillation: me pete by waleet 
Wateritc>. 2220.20 Se ee eee Se o's ee eee 0.0 0.0 
First light oils to 110° O20. 5..20.. 2% 2 eee .4 = 
Second light oils 110°=170°O .. 2.2.7. tae ee ee <9 .5 
Dead oils 170°-270°.C... 2. ee eee eee 633.2 29.1 
Pitch residue. . <2. ce os cae we. ee ee ¢ 65. 7 69. 4 

100. 0 99.3 





@ Viscous, sticky. 
© Distillate showed a trace of precipitated solids when cold. 
¢ Pitch residue hard, brittle, and lustrous. 
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so, 8, Section No. 9.—Revisen Semiasruauric Ou—Pesereation 
é Merunov. 
i) ; section No. 9 a viscous semiasphaltic oil (see Table 11) was 
d, according to the same method as described in experiment 
No. re. This oil was applied at the rate of 2 gallons per square yard, 
at ut the request of the manufacturers’ agent, who was present at the 
t me. The oil sweated to the surface upon rolling, and it will undoubt- 
edly be necessary to apply stone screenings from time to time until 
all excess of oil is taken up. The section was left in good condition 
mn December 2. 


Tasie 11.—Analysis of refined semisaphaltic oil.4 


le ari yerss LES LIL i ko cecedeccccectscecctcess OGM 
EMDR, Si in Si dds der Leda l dees Jeberpectosardes Y 2 
Plas a point, ° C., open cup SE 5 ale te alla aaa eaiaind we apne 6 et 237A” 
E NY aslo saw nsicce ae merervcernccescedons 298° 
Pe cent of loss at 163°, 5 hours (20 grams)? Meer ies seer kscse er ok Segnee -# 
Snnremaue at 4o° ©. (ftime)).22 222.2 oe ono cece pec cscccecccee 4! 35 
Per cent of total bitumen insoluble in 86° paraffin naphtha..-...---.------- 12.70 
Per cent of fixed carbon.........------- Dt ens ng aaa Alene 9.45 


Per cent of bitumen soluble in CS8,, air temperature (total bitumen)....---_- 99. 
I ee carers se cc sce reer cccccercersnss 46 


ae 








gS AES So a a a a 9 
100. 00 
Exrerment No. 9.—Secrion No. 10.—Rerixep Watrer-Gas Tar anv Strac— 


PENETRATION Meruop. 


_ Section No. 10 was only 100 feet in length. The top 4 inches were 
mposed of open-hearth slag, crushed and screened to between 
th three-fourths inch and 3 inches in the largest dimensions, and then 
rolled until firm. About 1 inch of from three-fourths to one-fourth 
inch crushed slag was then spread evenly over the surface and rolled 


down. A heavy refined water-gas tar, showing the following prop- 
erties, was poured over this course in the usual manner. 


: TasLe 12.—Analysis of heavy refined water-gas tar.¢ 

SS A ee ee 1 167 
ee See tree docccccbecccrcccoes 2 Ti” 
Per cent of free carbon (insoluble in CS., air temperature)..----.---------- 20 








Per cent Per cent 
Distillation: by volume. by weight. 
Teen n ceperceccseeccces 00 00 
lS 0.5 04 
NG SEAS Ne pel ee Doe 3.0 2.5 
a at EE a 429.0 2.2 
ES SS i a 67.5 712 
100.0 99.3 


4 Viscous, fairly sticky. 
6 Character of residue, dull and granular. 
¢ Very viscous, sticky. 
4 Distillate showed at one-tenth ite volume precipitated solide when cold. 
¢ Pitch residue, hard, brittle, and lustrous. 
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This tar was of such consistency that it had to be handled in the 
same manner as described for the semiasphaltic oil in experiment 
No.6. Fine slag, from one-fourth inch to dust in size, was rolled into 
the tarred surface and made a smooth, firm road. After this section 
had been completed, mud was found coming through the surface 
in one place where the foundation was soft. About 2 square yards 
of the surface were, therefore, taken out’ and the mud removed and 
replaced with good gravelly soil well tamped. Slag was then applied 
and more tar added, after which the patch was tamped solid. 


EXPERIMENT No. 10, Section No. 7.—Kentucky Rock ASPHALT. 


The stone for section No. 7 was laid to the same depth as in section 
No.1. The bonding material in this case was Kentucky rock asphalt, 
obtained from the same source as that used in the experiment at 
Bowling Green, Ky., which was reported in Circular 89. Uponanalysis 
this material showed the following characteristics: 


TaBLE 13.—Analysis of Kentucky rock asphalt. 


Per cent soluble in C8,, air temperature (total bitumen) ................... 6. 73 

Per cent of mineral matter......-......2-2.-----0+--50-- 2-2 ee 93. 27 
Per cent retained on 10-mesh sieve......-.--...::.1:.:.1-.25 nee 1.0 
Per cent passing 10, retained on 20 mesh................... cen 3. 0 
Per cent passing 20, retained on 30 mesh:..-..2.....5.... 2 sss eee 5.5 
Per cent passing 30, retained on 50 mesh.1_../....7._ 22. ee 43. 0 
Per cent passing 50, retained on 80 mesh: .... 27.21... 12... een 35. 0 
Per cent passing 80, retained on 100 mesh. j..-..../..... 7. 5_2ee oe 4.5 
Per cent passing 100, retained on 200 mesh............................ 4.5 
Per cent passing 200 mesh..1-....... 2. -- 02 ssn ese pele ee 3.5 

100. 0 

Extracted bitumen: 
Specific gravity 25°/25° G2... ee ee ote 1. 027 
Per cent of loss at 163°; 5 hours (20 grams) @_./?..-...1 22222 5. 41 
Per cent of mineral matters)s. 22. 21. 2122s se 1. 76 
Per cent of bitumen insoluble in 86° paraffin naphtha.................- 18. 10 
Per cent’of fixed carbon.< 2.2.2 2.. 0 202 Fe oe 10. 83 


The product was shipped in an open car. When shoveled into the 
wagons it was found necessary first to use picks to loosen up the 
material. Before spreading, the upper course of stone was rolled 
until firm and then the asphalt was shoveled from a dumping 
board into place to a depth of 14 inches over the east half of the 
section. On the west half one-half inch was first applied. A harrow 
was then passed over the material for a few times in order to work 
it into the stone, after which the course was rolled once to smooth up 
the surface. The rock asphalt was then applied to a depth of 1 inch 
more on the west end and the whole surface rolled. During a cold 
spell of ten days it was found impossible to finish this surface satis- 
factorily, since it tended to crack under the roller. When the 





@ Residue semisolid, soft, sticky. 
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weather became warmer, however, it was finished off in good condi- 
tion. When rolling it was found necessary to cover the roller wheels 
with dust in order to prevent the asphalt from picking up. On 
December 1 the road was in excellent condition and showed no signs 
of calking, as it had the first week after laying. No difference could 
be seen between the two halves of this section. 


EXPERIMENT No. 11, Section No. 11.—Open-Hearta Sraa. 


Section No. 11 was constructed in the same manner as section No. 
10, except that no bituminous material was employed; slag screenings 
from one-fourth inch in size to dust were used for a binder, as in ordi- 
nary macadam work. Owing to its hardness'and the lack of very 
fine material or slag powder and to the rather soft subgrade, it was 


_ found impossible to obtain a good bond. The fine slag was com- 


posed mainly of gritty, sand-like particles, which would not pulverize 
under the roller and produce the very fine dust necessary to give 
satisfactory results. This would indicate that a certain proportion 
of the open-hearth slag screenings should consist of finely ground 
material in order to bind well. For the purpose of accelerating the 
binding properties of the slag through chemical reaction, as described 
in the Youngstown experiments with blast-furnace slag, unslaked lime 
wasspread over thesurfaceandrolledin. Thesurface was well watered, 
but did not show up as well as the slag work at Youngstown. 


EXPERIMENT No. 12, Sections Nos. 15 anp 14.—(a) CEMENT CoNCRETE. (b) Brtu- 
MINOUS-SURFACED CEMENT CONCRETE. 


(a) The foundation course of section No. 15 was laid 4 inches deep 
and consisted of crushed limestone from 2 to 4 inches in size. The 
wearing course was composed of concrete made of one part Portland 
cement, two parts sand, and five parts stone. The results of the 
examination of this cement are shown in the following table: 


TABLE 14.—Ezamination of Portland cement. 


a a ms ok i se i fe 2 = io ee ee 3.192 
ETD a se ee ae se pase Ska pnp ens 3. 30 
Sees? Hl phuric anhydride (SO,)-. 22. -...... 2.22 1. 55 
Fineness: 

ETINCTINOIES LMI TIGA» «oe veky <> Stace sade h:- fe sine some sinti-epive ns pen 

ir SINR 2. o.oo 2-4-2 - see ee Soe ee eae gnc eeeg ee 108 
Time of setting: 

I Lees ees st) SUD i elle ee 2 hours 40 minutes. 

ea ke ee ee 6 hours 30 minutes. 
Tensile strength: 

Neat, 24 hours in moist air (pounds per square inch)...........-.------ 258 

Neat, 7 days (1 day, moist air; 6 days, water) (pounds per square inch). 528 

Neat, 28 days (1 day, moist air; 27 days, water) (pounds per square inch). 728 

1 cement: 3 sand;@7 days as above (pounds per square inch).-.......-- 186 

1 cement: 3 sand; 28 days as above (pounds per square inch).........-- 275 





a Standard Ottawa sand used. 
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Constancy of volume: 


Pat in air 28 days... 4.65.0 552235. So eee ee Sound. 
Pat. in water 28 days..:--.--.--~.2..-\-- 2 ~2jes eae = a ee Sound. 
Pat over boiling water, 4 hours...........-... 22.25. .4..--. ==) Sound. | 


The sand used was a fine, clean product, the best that could be 
obtained in the immediate vicinity. The stone was of the same kind 
as used throughout these experiments, coming in two sizes, one 
ranging from 1} to 24 inches, and the other from 4 to 1} inches. 
Two boxes, one holding 6 cubic feet and the other 1 cubic foot, were 
used to determine the proportions in which these two sizes could be 
mixed with the lowest percentage of voids. Six cubic feet of the 
two materials were measured out in varying proportions, mixed on — 
a mixing board, and shoveled into the larger box, where the depth 
of stone was measured by a rule placed in one corner of the box 
before the stone was shoveled in. The mixed stone was leveled with- 
out reference to its depth before a reading was made. The following 
results were obtained from different trial mixtures. 


TaBLE 15.—Results of trial mixtures of cement concrete. 





; 14-inch to 2}- 34-inch to 1}- Depth in 
No. of mixture.| “inch stone. inch stone. inches. 
Cubic feet. Cubic feet. 

1 3 3 155% 
2 4 2 15.5 
3 33 2h 15. 25 . 
4 4 2 15.5 
5 23 33 15.5 i, 
6 6 0 16. 25 7 
7 32 24 15 - 
8 33 24 15 « 


This shows for the mixtures tried that 33 parts of the 14-inch — 
stone to 2} parts of the j-inch stone gave the lowest percentage of — 
voids. By taking eighteen shovelfuls of material to a wheelbarrow — 
load, the proportions worked out roughly to two wheelbarrows of — 
the covered stone, containing fifteen shovelfuls each, to one barrow _ 
load containing eighteen shovelfuls of the finer stone. These propor- 
tions were followed as nearly as possible in carrying out the work. — 
The concrete was mixed in the mechanical mixer, hauled 300 feet — 
in a dump wagon and dumped upon a mixing board, from which — 
it was shoveled into place and raked with steel hand rakes to con- 
form to the desired crown of the road. At first the concrete was 
made rather dry, but as it was found that the voids were not being Fi 
properly filled, more water was added, and the mixture was then — 
raked and tamped until the mortar flushed to the surface. After 
this the surface was rolled until fairly smooth with a concrete 
roller 24 feet long by 18 inches in diameter. The finished surface, 
while somewhat rough, was uniform, except where the mixture — 


was made too dry. Cold weather made it necessary to cover the 
[Cir. 92] 
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concrete with leaves immediately after it was rolled. The whole 
operation, from the time the concrete went into the mixer until it 
was covered up, averaged about forty minutes. 

(6) The first 30 feet of section No. 14 were coated with the artificial 
oil asphalt described in experiment No. 4. This material was 
applied hot at the rate of 1 gallon per square yard and was covered 
with stone chips. The bitumen did not adhere very well to the cold, 
damp surface. After the concrete was laid the road was kept 
closed for about fifteen days, and on December 2 the entire road was 
in good shape, except in one place, where a retaining wall should be 
placed. | 1 

EXPERIMENT No. 13, Secrion No. 13.—ASH-CEMENT-CONCRETE SECTION. 

The foundation course of section No. 13 was constructed in the 
same manner as section No. 12. At the request of Cornell University, 
a concrete composed of six parts of ashes from the college heating 


plant, two parts of sand, and one part of cement was prepared and laid 
in the manner previously described in experiment No. 12. This sec- 


tion was rolled with the small hand concrete roller until water flushed 
to the top. Upon setting, the road became hard and appeared quite 
satisfactory. 

EXPERIMENT No. 14, Section No. 3.—Bricxk. 

Section No. 3 extends from the inside of the west rail of the street- 
ear track, crossing the road to station 9+25, a total of 526 square 
yards in all. After the grading had been completed, a foundation 
course was laid in the same manner as described for sections Nos. 
1 and 2, except that the voids were well filled with screenings from 
one-fourth inch in size to dust, instead of with sand. Where the car 
tracks cross the road, the foundation was prepared by removing all 
the earth between the cross-ties and refilling with concrete to the 
top of the ties. Upon this a 2-inch sand cushion was laid and the 
bricks were placed upon this. A cement curbing 4 inches wide by 
20 inches deep was placed on the south side of this section, while 
on the north side, owing to a greater amount of traffic, a curbing 6 
inches wide by 20 inches deep was laid. 


TABLE 16.—Analysis of bituminous filler.4 





I Ey OOhrs tertnes Sol SESE. 2S Ls. oe ee ee 0. 980 
SM). (CUD MeLNOd). 2. ce. jt a nen os eee ee elec bee 108° 
Semetration (No. 2 N,5 seconds, 100 grams, 25° C.).............------------ 54° 
entrar 1008 16.164". C., 5 hours (20 grams) 0... 2... .0....- 2.2.6.2 ee eee 1.15 
IIe 110) A A DOVC) 2... 25.2252 --- eee nee nee ns eee es 48° 
Per cent of bitumen insoluble in 86° paraffin naphtha. .......----...---------- 26. 88 
IR SERPS tie is. ni see = isp <9 webs Sb os bo i viele se 416 Ee 8. 36 
Per cent of bitumen soluble in CS,, air temperature (total bitumen).......-.. 99. 83 
EES TICLES a ao 2 a ae ee a cet 
a ee ee ee ees enero re . 08 
100. 00 
¢ 
@ Dense, rubbery. b Surface of residue somewhat drawn. 
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After the curbing had thoroughly set, a form reaching 53 inches 
below the top of the curb at the side of the road and 1% inches below 
at the center was pulled over the section, and all uneven places were 
filled with stone or cut off, until a uniform crown of 4 inch to the 
foot had been obtained. Next to the curbing was then placed a 
board 1 inch wide and 6 inches deep, which, upon the completion 
of the road, was withdrawn. This space was then filled with a bitu- 
minous filler (see Table 16) to within 1 inch of the top. The remain- 
ing space was filled with sand. <A 2-inch course of sand was spread 
over the foundation and, after this had been dragged with a wooden 
form to conform to the road surface, it was compacted with the light 
hand roller in order to obtain a uniform cushion for the brick. The 
roller was started at the sides, moved longitudinally to the center, 
and then rolled at right angles to the length of the road, after which 
it was rolled at an angle of 45° in both directions. This produced 
a firm but slightly uneven surface, which was made smooth by a 
light coat of screened sand. The whole surface was finally struck 
off to produce a sand cushion 2 inches in depth. Upon this the brick, 
which had been furnished by six different manufacturers, was laid with 
unskilled labor at right angles to the center line of the road. The 
brick surface was then rolled with a 2-ton tandem roller, made from 
a self-propelled lawn mower and carrying the greater part of the 
weight on the front roller. The roller was started next to the curb 
and gradually worked toward the center of the road, and in like man- 
ner from the other side. This operation was repeated. twice, after 
which the road was rolled twice in both directions at an angle of 45° 
to its length. This process was repeated three times until the brick 
had become firmly set. 

Wooden boxes about 30 inches wide, 14 inches deep, and 4 feet 
long on top, with ends sloping into the bottom at an angle of 45°, 
were now obtained. These boxes were set on legs of unequal length; 


the shortest was about 8 inches in length, and the longest, on the 


corner diagonally opposite, about 18 inches. Into one of these boxes 
was placed about two-thirds bushel of a mixture of equal parts of 
sand and cement. Water was then added until the resulting mortar 
flowed readily. Two men stood at the high end of the boxes with 


mortar-hoes and kept the mixture in constant motion, while a man — 


stood on the lower side with a scoop, shoveling the grout upon the 
brick by dropping it suddenly from the shovel, but without throwing 
it. ‘Three men with brooms and squeegees immediately worked the 
grout into the joints between the brick. After the brick had been 
‘covered for a distance of about 20 feet, this treatment was repeated. 
In about three-fourths of an hour a final coat of three parts of cement 
to two parts of sand, made considerably thicker than before, was 


applied. The surface was then squeegeed, so that a thin layer of 
(Cir. 92] 
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cement was left over the surface of the brick, and the joints were 
well filled. Owing to damp weather, it was unnecesary to cover the 
brick with sand to keep the filler moist. The road was closed to 
traffic for ten days, and not even the street cars were allowed to pass 
during that time. 

On account of unskilled labor and the slow methods used in con- 
structing the curb, the cost was exceedingly high for this kind of 
work. The cost of brick per square yard is averaged from the cost 
of each kind of brick, in connection with the area covered by each 
or the number used. The first 83 feet of roadway running from the 
ear track were laid with brick costing $12.75 per thousand f. o. b. cars 
at the point of manufacture. The cost of the brick for the adjoining 
70 feet was $12.25 per thousand and for the three different kinds of 
brick used on three 51-foot sections $14, $17.50, and $13.75 per thou- 
sand, respectively, f. o. b. cars at the point of manufacture. The 
rail bricks were figured at $20 per thousand f. 0. b. cars at the point 
of manufacture. ‘They were laid only on the inner side of the outer 
rail, and did not add very materially to the average cost per square 
yard. The results of tests made upon these bricks are shown in the 
following table. It should be noted that these tests are not com- 
plete owing to an insufficient number of bricks being left over from 


the work. 
TaBLE 17.—Brick tests. 





























Cross-break- Water absorbed. Per 
Hatter ing test. Crushing cent of dry weight. 
ary Per Modulus of test. Average of 3 tests. 
. ; rupture. Pounds per 
Brick No. een se Pounds per |square inch. 
Me . square inch. | Average of | One- : | Forty- 
deh Average of 5 tests. half hours eight 
10 tests. hour. * | hours. 
i Sse see SE ee ee a2, 464 b9, 218 0. 16 0. 27 0. 57 
Sas 14. 88 1, 738 5, 588 . 30 . 66 Pipa 
nce ca cneneees ese 15.14 2,183 4,950 08 ls alent 1. 89 
RI na Soe en eeee neo ee 14. 28 1, 700 4, 890 nol . 58 uals: 
ol ss 8 2S 17. 20 1, 669 65610 leo.8 22223 See | See 
a Average of 5 tests. b Average of 3 tests. 


SUMMARY OF EXPERIMENTS AT ITHACA. 


All of the sections were in excellent condition when last inspected 
on December 2, so that it is impossible to draw definite conclusions 
as to the relative merits of the different materials at the present time. 
The final results will be published in a later circular. 


TABLE 18.—Items of cost. 


EXPERIMENT NO. 10, SECTION NO. 7—KENTUCKY ROCK ASPHALT. 


MMC TION (ICCL) < --- -- -- ae a ae ae ww wie en dene ee ewe ies eee ee Ae 300 

mires of section (square yards)..........----.---------- eee eee eee eee 533 

No. 2 stone, cubic yards per square yard ....-.-..------------++---+--+-- 0. 111 

Rock asphalt, cubic yards per square yard ....-..-----------------++--- 0. 041 
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TasBLeE 18.—Items of cost—Continued. 


EXPERIMENT NO. 10, SECTION NO. 7—KENTUCKY ROCK ASPHALT—continued. 


Cost of No. 2 stone on siding, per square yard (cents)..........---------- 14, 55 
Cost of hauling and laying stone, per square yard (cents). .......-.------ 4, 43 
Cost of rock asphalt, per square yard (cents)...................... Aree: 31.08 
Cost of hauling rock asphalt, per square yard (cents). .......-.-.-------- 4.71 
Cost of spreading rock asphalt, per square yard (cents)...........-..-..-- 2. 29 
Cost of rolling, per square yard (cents) .. <..-...- 3. 2255 2 bee 1. 88 
Cost of freight on rock asphalt, per square yard (cents).......-.....------ 24. 10 

Total cost, per square yard (cents) -2.. 4. -./. 4.92.5. - 2 83. 04 

Total-cost. of entire section. «.. 6... ..k.. 444-62 see ee $442. 60 


EXPERIMENT NO. 11, SECTION NO. 11—SLAG. 


Length of section (feet) -. ..--. 552. cope 22m + nits = oe ne 200 
Ares of section (square yards): . 2c. 2 eos ee nee 355 
No. 2 size stone, cubic yards per square yard ..-....-2..2.2-.-0 82522 eeeee 0. 139 
Screenings, cubic yards per square yard 2...2..2.-. 2-2-2200. | 0. 022 
Lime, pounds, per square. yards. ....+2122-: {2 ae ee 3.3 
Cost of No. 2 slag, at siding, per square yard (cents)............-.------- 30. 28 
Cost of slag screenings, at siding, per square yard (cents).........--..---- 4, 83 
Cost of hauling and laying slag, per square yard (cents).........--.-.---- 8. 40 
Cost of lime on road, per square yard (centa)......2-. +2... 25.) =a 2. 26 
*Cost of rolling, per square yard (cents)....2....,... 05 sna<0 ou a oe 2.79 


Cost of sprinkling, per square yard (cents) ......-..2...-...s---ss5 eee 1.00 


Total cost, per square yard (cents) ......-S>2..-.-s. ee 49. 56 
‘POtal ‘Cost Of entire section -2220. - ase 22 eee PO $175. 94 


EXPERIMENT NO. 14, SECTION NO. 3—BRICK. 


Lenoth of section (feet) . 1... -. 92.4 2.22 ee ee 306 
nzeaorsection (square yards). <2: - =<. .2 52 Sexe te eee ojo + hae ee 526 
Bength of curbing (feet) 2.23. . 2. a. oe ten ea bee 590 
Sand cushion, cubic yards per square yard .........:..........-s2n ene 0. 056 
Average number of bricks per square yard _ ..-...5... J. -...--555 eee re! 
Cost of curbing, per running foot. :-.. J. ee cl 2.2 se ue oe $1. 00 
Cost of bituminous filler, per running foot (cents)...................----- 3. 75 
Cost of sand cushion per square yard (cents)..................-.....--- 4.08 
Cost of hauling and laying brick (centa).-........7.....) 92 ee 20. 81 
Cost of brick, per square yard: (cents)..<.......f2%. ...-250.. ee 55. 52 
Cost of freight on brick, per square yard (cents)................-.---.--- 40. 20 
Cost of cement filler, per square yard (cents).............-..--.2------<e- 8. 53 
Cost of rolling brick, per square yard (cents)................--.-.-----e-- 1.53 
Miscellaneous expenses, per square yard (cents) ..............----+----- 7. 56 
Cost of curbing, per square yard of road (cents)..............---------- 112. 50 


Cost of bituminous filler, per square yard of road (cents) 


Total cost of road, per square yard (cents) ...............--------- 254. 96 


Total cost of entire section 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
MASS., IN 1908, WITH ASPHALTIC PREPARATIONS, TAR PREPA- 
RATIONS, RESIDUAL OIL, AND MOLASSES-OIL-LIME. 


A full report of these experiments may be found in Circular No. 90. 
Seven experiments were made with an asphaltic preparation, one 
with a residual oil, two with a refined water-gas tar, and one with a 
molasses-oil-lime mixture. This work consisted in resurfacing an old 
macadam road according to the mixing method, using the various 
materials as binders. The sections were last inspected July 22, 1909, 
about eleven months after being laid. . 

Experiments Nos. 1, 2, 3, 4, 5, 6, and 7—asphaltic preparation.— 
At the time of inspection there was considerable difference in the 
appearance of these sections. Section No. 1, in which a mineral 
aggregate containing practically no fine material smaller than one- 
fourth inch in diameter had been used, had raveled in places and had 
been patched with a refined coal tar under the direction of the street 
commissioner of Newton. Section No. 2, in which a mineral aggre- 
gate containing more fine material had been used, was in better con- 
dition, but had been patched in a number of weak places with the 
coal-tar preparation above mentioned. Section No. 3, in which the 
mineral aggregate held a still greater amount of material smaller 
than one-fourth inch in diameter, was in much better condition and 
only one patch had been required. Section No. 4, which had been 
constructed in a manner similar to No. 3, except that instead of 
stone screenings a light coat of tarred sand had been employed as a 
surface dressing, had not required patching, but the surface was in 
rather poor condition. In all of the first four experiments only 0.54 
gallon of asphaltic preparation per square yard had been used. In 
experiments Nos. 5 and 6 a flush coat of bitumen had been applied in 
addition to this. The asphaltic preparation was used for this purpose 
in No. 5 and a refined coal tar in No. 6. These two sections, together 
with No. 7, in which 0.71 gallon per square yard of the asphaltic 
preparation had been used, were in first-class condition when inspected. 

Experiment No. 8—residual oil.—Section No. 8, bound with a 
residual oil, was just beginning to pick up under traffic and the oil 
showed a lack of adhesiveness. 

Experiments Nos. 9 and 10—refined water-gas tar.—Sections Nos. 9 
and 10, in which a refined water-gas tar was employed as a binder, 
were both in excellent condition; No. 10 indeed appeared better than 
any of the other sections. In No. 9, 0.81 gallon per square yard of 
the water-gas tar was consumed and the surface was coated with 
stone screenings, while in No. 10 an application of sand mixed with 
a refined coal tar was used as a surface dressing. 

Experiment No. 11—molasses-oil-lime.—The molasses-oil-lime work 
was in very good condition, except at a rather sharp curve where the 
surface had just started to pick up under trafiic. 
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SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT INDEPEND- 
ENCE, KANS., IN 1908, WITH AN ARTIFICIAL ASPHALT IN THE 
CONSTRUCTION OF AN EARTH-ASPHALT ROAD. 


The original report of this experiment may be found in Circular 
No. 90. OnFebruary 19, 1910, the road was inspected, and, while the 
conditions for- making an intelligent inspection were unfavorable, 
since the road was frozen and partially covered with snow, the fols 
lowing results were reported: 

The appearance of the road in general was similar to that of other 
dirt roads in the near vicinity, except that it did not show the deep 
ruts noticeable on the latter, although the traffic over both is simi- 
lar. This shows that during the winter the mud had not been as 
deep as on the ordinary dirt roads. The only attention that it has 
received since being built is that it was dragged once in February, 
1909. 

For the length of two blocks the road has a grade of nearly 5 per 
cent and had previously washed badly, but now shows but little, if 
any, effects of last year’s rains. Residents along the road state that 
during rainy weather the road is quite muddy on top, but that there 
is no deep mud and that the road dries out much sooner than the 


neighboring dirt roads. In summer, however, this road is a little — 


soft under heavy loads. 

The conclusions to be drawn are that the asphalt mixed with the 
earth renders it fairly impervious to water; that it acts sufficiently 
well as a binder to prevent the washing of ruts on grades; that an 
asphalt having a melting point higher than that used should be 
employed, if a satisfactory road is to be had in the summer; that such 
an asphalt can not be spread upon and mixed with earth satisfac- 
torily unless the earth is previously heated; that such a road is 
practically dustless save for dirt that may be carried upon it; and 
that, to prevent its being muddy just after a rain, 2 to 3 inches of 
from #-inch to 2-inch stone should be worked into the top. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., IN 1908, WITH 
SAND-CLAY. 


The original report of these experiments may be found in Circular 
No. 90. They were made with a view to determine the suitability 
of sand-clay construction to meet varying conditions encountered in 
the Middle West. 

Experiment at Garden City.—In this experiment a local gypsum- 
clay was mixed with the natural sandy soil. The road was inspected 
one year after completion and was found to be as hard and firm as 
macadam. The people living in the vicinity of this work were so 
well pleased with the results that during the past year 7 miles more 


of sand-clay road were constructed at their instigation. 
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Expervment at Dodge City.—In the work at Dodge City a clay silt 
obtained from an old irrigation ditch was mixed with a sandy soil 
similar to that encountered at Garden City. When inspected one 
year after completion the road was in excellent condition. Although 
previously but little used, it has been converted into one of the most 
heavily traveled roads leading into Dodge City. Land values along 
this road have increased, and farmers who were formerly considering 
the advisability of selling their farms and going where the roads were 
better are now well satisfied to remain. 

Expervment at Bucklin.—In this experiment the general plan of 
construction was identical with that used at Dodge City, except that 
a buckshot-clay was mixed with the sandy soil. When inspected a 
year later the road, while not smooth, had not rutted. The inspec- 
tion was made after a heavy rain, during which the road had softened 
to such an extent that the surface picked up under traffic. This 
indicated merely an insufficiency of sand on the surface and the 
trouble was easily remedied. 

Expervment at Ford.—In this experiment a short section of sandy 
road, forming the south approach to a bridge crossing the Arkansas 


_ River, was graded and a sedimentary clay added. The work was 


done under very unfavorable conditions, which made it impossible to 
mix the sand and clay in an altogether satisfactory manner. When 
inspected one year after completion the surface was covered with 
about 1 inch of mud, showing that more sand was needed; otherwise 
the road was in good condition. | 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT WAYLAND, 
MASS., IN 1907, WITH CRUDE TAR, TAR PREPARATIONS, AND 
OIL EMULSIONS. 


These experiments are described in Circular No. 89, published in 
March, 1908, and in a report of an inspection made in September, 
1908, published in Circular No. 90. By 1909 the entire road needed 
to be treated again, and during that year a surface application of tar 
was made with an English spraying machine, under the supervision. 
of the Massachusetts State Highway Commission. ‘This road is sub- 
jected to such heavy mixed traffic that annual surface treatments 
will probably be required in order to keep it in good condition. 


SUPPLEMENTARY REPORT ON AN EXPERIMENT MADE AT BOW- 
LING GREEN, KY., IN 1907, WITH KENTUCKY ROCK ASPHALT. 


A full report of this experiment may be found in Circular No. 89, 
and the results of an inspection made in January, 1909, are to be 
found in Circular No. 90. 

This road was again inspected during the latter part of May, 1909, 
and the following report made. A heavy rain had been falling for 
some hours before the inspection was made, and there was more or 
less soft, sticky mud on the roads adjoining the experimental road. 
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The surface of the rock asphalt was clean, smooth, and compact, with 
no ruts, and had much the same appearance as a first-class asphalt 


city street. The thin surface course of rock asphalt has worn down 
in a few spots to the crushed stone, but the individual crushed stones 


were tightly bound together and not a single loose stone was found. 





SUPPLEMENTARY REPORT ON EXPERIMENTS MADE AT J ACKSON, ; 


TENN., IN 1905, WITH TARS AND OILS. 


The original report of these experiments may be found in Circular 
No. 47, published May, 1906, and reports of the condition of the sec- 
tions when inspected in February, 1908, and January, 1909, are to 


be found in Circulars Nos. 89 and 90. When last inspected, on 


December 2, 1909, the following results were reported: 

Tar experiments.—An inspection made December 2, 1909, of the 
streets of Jackson, Tenn., which were treated with coke-oven tar, 
shows that where a second application of tar was applied one year 
after the first the surface was smooth and even, and that there was 
only an occasional break at intervals of about 20 feet, with the 
exception of a strip averaging about 20 feet wide down the center of 
the street where traffic is heaviest and droppings from unimproved 
streets accumulate. Very little trace of tar could be found in this 
center strip. 

On the streets which were treated with only one coat of tar the 
deterioration is much more apparent. In thecenter of the streets no 
trace of tar can be found, and on the sides, for a distance of about 25 
feet from the gutters, patches of tar coating, varying in size from 
6 inches to 6 feet in diameter could be seen at intervals of a few feet. 
The short section which was spiked up and where the tar was incor- 
porated in the macadam showed that the crown has almost entirely 
_ disappeared, owing to a softening of the binder during the summer 
months. Detritus accumulates on this section to such an extent 
that, from a casual inspection, no tar could be noticed. When a part 
of the section was cut out, however, the tar could be plainly seen in 
the voids between the particles of stone. 

It might be added that the streets have been badly neglected since 
treatment. A third application of tar, applied last summer, would 
have made these roads almost as good as they were after the first 
application, and even yet it is not too late, to save the city hundreds 
of dollars. 

Oil experiments.—No trace of oil was found on the city streets which 
had been treated. On the section of country road treated with 
residual oil a strip about 3 feet wide on either side of wheel tracks 


showed distinct traces of oil, which was still beneficial in preventing 
side washes. 
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LETTER OF TRANSMITTAL. 


U. S. DrerarrmMent or AGRICULTURE, 
Orricr or Pusiic Roaps, 
Washington, D. (., December 5, 1910. 

Sir: I have the honor to transmit herewith the manuscript of a 

circular by Mr. Prévost Hubbard, chemist in this office, entitled 

“ Bitumens and Their Essential Constituents for Road Construction 

and Maintenance.” ‘This publication presents in condensed form a 

description and discussion of various bituminous materials at present 

in use in road construction and maintenance. It should be of great 

Service in clearing up a very general misunderstanding concerning 

the actual and comparative value of bituminous road materials, and 

also the meaning of certain terms. I respectfully request that it be 

issued as Circular 93 of this office. In view of the newness of the 

subject and lack of complete data, some of the statements made may 

in the future require modification. This circular will therefore be 

revised from time to time in order to keep it abreast with the latest 
information obtainable. 

Respectfully, Locan Water Pags, 
Director. 
Hon. James Witson, 
Secretary of Agriculture. 
69980°—Cir, 93—11 
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BITUMENS AND THEIR ESSENTIAL CONSTITUENTS FOR ROAD 
CONSTRUCTION AND MAINTENANCE. 


So much confusion exists among road engineers and others in- 
terested in bituminous road binders concerning the meaning of cer- 
tain terms as applied to these materials that it has seemed advisable 
to present in brief form the definitions of such terms as at present 
used by the United States Office of Public Roads. It should be un- 
derstood, however, that these definitions are at present more or less 
arbitrary, owing to wide differences of opinion held by those who are 
considered authorities on the subject of bitumens. Notwithstanding 
these facts, it is hoped that this circular will furnish highway en- 
gineers and other interested persons with a foundation for acquiring 
and systematically classifying further information along the lines 
herein indicated. To aid them in this matter a brief discussion of 
the value of the various materials used in road construction has been 
given in addition to the definitions. 

Acid Sludge——A mixture of sulphonated hydrocarbons resulting 
from the treatment of bitumens with sulphuric acid; usually a waste 
or by-product obtained in this manner from the purification of tar 
and oil distillates. When sufficiently concentrated these sulphonated 
products become viscous and gummy. They are readily attacked 
by water and are therefore unsuitable for use as enduring road 
binders. 

Anthracene.—A waxy crystalline hydrocarbon having the chemical 
formula C,,H,,, found in tars, principally coal tars which have been 
produced at high temperatures. Anthracene is believed to be of no 
practical value in road binders. 

Artificial Asphalt.—See Asphalts and Oil Asphalts. 

Artificial Bitumens.— Hydrocarbon distillates and residues produced 
by the partial or fractional distillation of bitumens, and hydrocarbon 
distillates produced by the destructive distillation of bitumens, pyro- 
bitumens, and other organic materials, such as wood, bone, etc. Na- 
tive bitumens which have been treated merely for the removal of 
water and extraneous organic and inorganic materials should not be 
classed as artificial products, but as refined native bitumens. 

Asphalts——Solid or semisolid native bitumens, consisting of a mix- 
ture of hydrocarbons of complex structure, largely cyclic and bridge 
compounds, together with a small proportion of their sulphur and 
nitrogen derivatives, but free from any appreciable amount of solid 
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paraftins, melting’ upon the application of heat and evidently pro- 
duced by nature from petroleums containing little or no solid paraf- 
fins. Solid or semisolid residues produced from probably similar 
oils by artificial processes are sometimes called asphalts, but should 
more properly be termed oil asphalts. The more common types of 
native asphalts are known by the name of the locality in which they 
occur, such as Trinidad, Bermudez, Maracaibo, Cuban, California, etc. 
Native asphalts with few exceptions contain water, extraneous or- 
ganic or vegetable matter, and inorganic matter, such as clay, sand, 
etc. A large proportion of these impurities is removed by a rough 
refining process without otherwise changing the character of the 
asphalt. 

Native asphalts are usually too hard to be used as road binders 
without first fluxing them with a heavy petroleum residuum and thus 
producing an asphaltic cement. Artificial asphalts are, as a rule, 
brought to suitable consistency during the process of manufacture. 

Asphaltenes——A term commonly applied to those hydrocarbons in 
petroleums, petroleum products, malthas, asphaltic cements, and solid 
native bitumens which are soluble in carbon bisulphide but insoluble 
in paraffin naphtha. Asa rule paraffin naphthas of different specific 
gravities and boiling points dissolve different amounts of hydrocar- 
bons in a given bitumen, and the heavier the naphtha and the higher 
its boiling point the greater is its solvent action. It is evident, there- 
fore, that the percentage of asphaltenes will vary with the gravity 
and boiling point of the naphtha, and for this reason it would seem 
well to substitute for the term asphaltenes, “bitumen insoluble in 
paraffin naphtha,” with a statement of the gravity of the naphtha 
used and the temperatures between which it boils. The presence of 
naphtha insoluble hydrocarbons is supposed to give body to the 
product in which they occur and to be accountable to a great extent 
for its binding value. They show no binding value, since many of 
them are hard and brittle, but they produce adhesive mixtures when 
fluxed with certain heavy oils. As a rule, for a given type of bitu- 
men hardness increases with the percentage of bitumen insoluble in 
a given naphtha. The so-called asphaltenes are not found to any 
extent in native bitumens with a paraffin base, but occur principally 
in asphalts, malthas, asphaltic petroleums, and in blown petroleum 
residues. They vary chemically and physically with the product in 
which they occur, and, therefore, do not represent definite chemical 
compounds. 

Asphaltic Petroleums.—Asphaltic petroleums, or asphaltic oils, are 
petroleums containing an asphaltic base—i. e., they are capable of pro- 
ducing residues very similar to native asphalts if evaporated or dis- 
tilled down to the consistency of such asphalts. They contain little 











4 1 See Bi 
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or no solid paraffins and are thus differentiated from paraffin petro- 
leums. Native asphalts are probably produced from such oils by 
natural processes. | } 

Asphaltic Cement.—The term asphaltic cement was originally applied 
' to a product obtained by fluxing an asphalt with a sufficient quantity 
of heavy residual oil or flux to produce a binder of suitable con- 
sistency for paving purposes. In its broadest sense it may be applied 
to all semisolid bitumens of an asphaltic nature which are of suitable 
consistency for use as binders in street or road construction, whether 
prepared by fluxing a solid native or artificial bitumen or by reduc- 
ing an asphaltic or semiasphaltic petroleum by distillation or other 
process. 

Baumé Gravity.—An arbitrary scale of specific gravity or density of 
liquids, usually expressed as degrees Baumé or ° B. This scale is 
commonly used in connection with oil products. For liquids lighter 
than water the scale begins at 10° B., which represents the specifie 
gravity of water, or 1.0000. As the Baumé degrees increase the 
specific gravity decreases. The following formule are used in con- 
verting Baumé degrees for liquids lighter than water into direct 
specific gravity and vice versa: 
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For liquids heavier than water the scale begins at 0° B., which rep- 
resents the specific gravity of water, or 1.0000. In this scale the 
degrees Baumé increase with the specific gravity. The following 
formule are used in converting Baumé degrees for liquids heavier 
than water into direct specific gravity and vice versa: 
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ket at 15.59 C. 

Benzol.—A volatile colorless fluid hydrocarbon of characteristic 
odor having the chemical formula C,H,. It occurs mainly in crude 
coal tars and water-gas tars, and boils at 80.4° C., so that it 1s re- 
moved in the first fraction when these tars are subjected to the 
process of distillation. Benzol is an active solvent for most bitumens. 
It is sometimes called benzene, but should not be confused with 
benzine, which is the term applied to the lighter and more volatile 
fractions of petroleum. 
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Bitumen.—Bitumens are mixtures of native or pyrogenetic hydro- 
carbons and their derivatives, which may be gases, liquids, viscous 
liquids, or solids. If solids, they melt more or less readily upon the 
application of heat and are soluble in carbon bisulphide, chloroform, 
and similar solvents. They may be divided into two main classes— 
(1) native bitumens and (2) artificial bitumens. Bitumens, being 
mixtures of hydrocarbons, can have no melting point, although this 
term is often used to denote the temperature at which they soften 
sufficiently to flow. 

Bituminous.—A term applied not only to materials or objects, which 
contain bitumen, such as bituminous rock, bituminous macadam, etc., 
but also to certain pyro-bitumens, such as bituminous coal, which give 
rise to the formation of bitumens upon being subjected to the process 
of destructive distillation. 

Blown petroleum.—Blown petroleums, which are often callea blown 
oils, are petroleum residuums through which a jet of air has been 
passed during or just after distillation. The blowing process causes 
certain chemical reactions of a complicated nature to take place and 
results in thickening or increasing the consistency of the oil to an ex- 
tent depending upon its temperature and the amount of blowing which 
it receives. Semisolid and solid products are thus often formed from 
fluid residuums. If the oil is asphaltic or semiasphaltic in nature, 
asphaltic cements may be produced in this manner. Blown oils are 
characteristically short or nonductile when semisolid, although they 
may possess considerable binding value if not originally of a paraffin 
nature. Blowing an oil usually increases its percentage of hydrocar- 
bons insoluble in any given paraffin naphtha. 

Carbenes.—A term commonly applied to those hydrocarbons in pe- 
troleum, petroleum products, malthas, asphaltic cements, and solid 
native bitumens which are soluble in carbon bisulphide but insoluble 
in carbon tetrachloride. The presence of an appreciable amount of 
these hydrocarbons indicates that the material in which they occur 
has been subjected to unnecessarily high temperatures. Cracked oil 
residuums show an increase in carbenes in proportion to the extent 
of cracking and the formation of these products is evidently a near 
step to coking. But little is known of their effect upon the value of 
a bitumen for road construction, but they are generally looked upon 
with suspicion and, in certain specifications for asphaltic cements, 
‘their presence has been limited to a low percentage. 

Carbon Bisulphide.—This substance, sometimes called carbon disul- 
phide, is a volatile and extremely inflammable compound of carbon 
-and sulphur, boiling at 47° C. and having the chemical formula 
~CS,. Pure carbon bisulphide is a colorless mobile liquid having an 


ethereal odor. It is one of the most active solvents for bitumens 
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and is commonly employed for this purpose in the determination of 
total bitumen. . 


Carbon Tetrachloride.—A volatile noninflammable compound of car-_ - 


bon and chlorine, boiling at 76° C. It is a colorless mobile liquid 
with an odor similar to that of chloroform, to which it is closely 
related, and has the chemical formula CCl,. It is an excellent. sol- 
vent for bitumens, but is not usually as powerful as carbon bisul- 
phide. It is employed in bitumen analysis for the determination of 
carbenes or hydrocarbons soluble in carbon bisulphide but insoluble 
in carbon tetrachloride. 

Coal Tar.—A mixture of hydrocarbon distillates, mostly unsaturated 
ring compounds, produced in the destructive distillation of coal. 
Crude coal tar is a black, more or less viscid fluid having a gassy 
odor and varying in specific gravity from 1.10 to 1.25 and sometimes 
higher. It always contains a certain amount of ammoniacal water 
which makes it unsuitable for use as a road binder. When reduced to 
proper consistency by distillation, coal tar makes an excellent bitumi- 
nous road binder, providing it does not carry too high percentages 
of free carbon and naphthalene. The composition of coal tar varies 
according to the coal from which it is produced and the method of. 
distillation. Tars produced at high temperatures contain a large 
amount of free carbon and usually run high in naphthalene, while 
those produced at low temperatures carry less free carbon and as 
a rule less naphthalene. Low temperature coal tars are therefore 
most suitable for the preparation of road binders.* 

Coke-Oven Tar.—Coal tar produced from by-product coke ovens in 
the manufacture of coke from bituminous coal. This process of coke 
manufacture is essentially the same as that of coal gas. Larger 
charges of coal are, however, carbonized in the former, and as a rule 
carbonization is conducted at a lower temperature than in the manu- 
facture of coal gas. The resulting tar therefore contains a smaller 
amount of free carbon, averaging from 3 to 10 per cent, and is better 
suited for the preparation of road binders than most gas-house coal 
tars. 

Cracked 0il.—The term cracked oil, as applied to road binders, refers 
to petroleum residuums which have been overheated in the process 
of manufacture. Overheating causes a breaking down of certain 
constituents of the oil, which results first in the formation of carbenes 
and later of coke or free carbon. Badly cracked residuums are be- 
lieved to be inferior road binders. 

Cracking.—The process of breaking down a hydrocarbon molecule 
by the application of heat. This may result either in the formation 
of other hydrocarbon molecules, at least one of which is unsaturated 





1See Refined tar. 
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and shows a higher ratio of carbon to hydrogen than the original — 


molecule, or else in the disruption of the molecule into its elements, — | 


hydrogen and carbon. In the latter case the process is said to be 


destructive. The more volatile and chemically stable hydrocarbons _ | 


can be cracked only at temperatures above their boiling points. In 
the distillation of oils this is accomplished by causing condensation 
to take place in the still and allowing the condensed oils to fall back 
into the residue, the temperature of which is considerably higher 
than their boiling points. In carbureted water-gas manufacture, oils 
are cracked by vaporizing them at a much higher temperature than 
their boiling points. The heavier oils will, however, crack at tem- 
peratures below their normal boiling points, and this is particularly 
true of asphaltic oils, which have to be distilled very carefully, some- 
times under reduced pressure, in order to produce residuums which 
are not cracked. 

Cut-Back Products.—Petroleum or tar residuums which are cut back, 
or fluxed, to the desired consistency with a distillate. Volatile dis- 
tillates are employed for this purpose in the preparation of road 
binders, when it is desired to have the binder increase in consistency 
or become harder after application. In such cases a residuum of 
proper. consistency for a road binder is cut back merely for the pur- 
pose of facilitating application. 

Dead Oils.—Heavy oils distilled from tars at between 170° and 
270° C. with a density greater than water. These oils, if free from 
naphthalene, serve as an excellent flux in the preparation of cut-back 
road binders from tar pitches, which are too brittle for this purpose. 

Destructive Distillation—A process of distilling organic materials 
in which the identity of the material distilled is destroyed, resulting 
in the formation of tarry distillates and a coke residue. 

Dehydrated Tar.—Crude tar from which all water has been removed 
by distillation and mechanical contrivances known as separators. 

Emulsions.—Oily substances made miscible with water through the 
action of a saponifying agent or soap. Petroleums and tars may be 
emulsified by this means and such emulsions, if properly prepared 
from good materials, are often serviceable in the treatment of roads. 
The majority of road emulsions can be considered only as dust pallia- 
tives and temporary binders. 

Fixed Carbon.—The residual coke obtained upon burning hydro- 
carbon products in a covered vessel in the absence of free oxygen, 
according to an arbitrary method. As applied to bituminous road 
materials, the determination of fixed carbon would seem to be of value 
in connection with petroleum and asphaltic products only. Paraffin 
hydrocarbons produce little or no fixed carbon, while those of as- 
phaltic character show a very considerable amount, depending upon 


the percentage of asphaltic compounds present and the consistency of 
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the material. The fixed carbon determination therefore indicates 
the mechanical stability and body of such materials. It is not, how- 
ever, an extremely accurate determination and should not be too 
strongly relied upon. Since fixed carbon is a product formed by 
ignition, it should not be confused with free carbon, which is a 
material already existing in suspension. The presence of any consid- 
erable quantity of free carbon vitiates a fixed carbon determination. 

Flux.—As applied to road binders, this term covers fluid oils and 
tars which are incorporated with asphalts and semisolid or solid oil 
and tar residuums for the purpose of reducing their consistency. 
Fluid petroleum residuums are commonly employed as fluxes in the 
preparation of asphaltic cements. A good flux produces an abso- 
lutely homogeneous bituminous mixture. Both petroleum and tar 
fluxes will produce such mixtures with native and artificial as- 
phalts, but most fluid petroleum products will not flux tar pitches 
satisfactorily. 

Free Carbon.—Organic matter in tars which is insoluble in carbon 
bisulphide. This material is an inert black powder, which is held in 
suspension by the tar proper, and probably consists, not only of free 
earbon, but also of hydrocarbons extremely rich in carbon. It has 
no binding value and serves no useful purpose in a road binder other 
than to act as a filler. It gives the tar in which it occurs a false 
consistency, reduces the binding capacity of the tar, and probably 
interferes with its penetration into and absorption by the road stone 
-or road surface. The maximum allowable limit of free carbon in 
road binders would seem to be about 20 per cent. 

Gas-House Coal Tar..—Coal tar produced as a by-product in the 
manufacture of illuminating gas from coal. The modern gas-house 
coal tar is usually produced at high temperatures and therefore 
carries a percentage of free carbon varying from 20 to 30 per cent 
and higher. Unless it is produced at low or medium temperatures 
and contains less than 20 per cent free carbon, it is not well suited for 
the preparation of a dust palliative or road binder by direct distil- 
lation. High-carbon tars may, however, be combined with low- 
earbon tars in such proportion as to produce, when distilled to proper 
consistency, excellent road binders carrying less than 20 per cent free 
carbon. 

Gilsonite—A very pure solid native bitumen possessing many of the 
characteristics of asphalt. It-differs from most of the native asphalts 
by being more brittle, having a higher melting or softening point, 
and being much less soluble in 86° B. paraffin naphtha. When fluxed 
with certain petroleum residuums it produces excellent asphaltic 
cements. In the preparation of road binders it is extensively used 
for the purpose of reinforcing blown oils, with which it combines to 





1 See Coal tar. 
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form rubbery semisolid mixtures. Such preparations are sometimes 
termed mineral rubber. . 

Grahamite.—A_ pure solid native bitumen, black and. brittle, which 
does not melt readily, but intumesces at high temperatures. It is 
differentiated from: gilsonite and. the native asphalts by the fact 
that it is almost insoluble in paraffin naphtha. It has been produced 
at high temperatures, as evidenced by the percentage of carbenes 
which it contains, and some varieties closely approach the pyro- 
bitumens in characteristics. It has been used to some extent. in, the 
preparation of asphaltic cements, but up to the present has been little 
used in the manufacture of road binders. 

High-Carbon Tars.—Tars containing a high percentage of free car- 
bon—above 20 per cent. High-carbon tars are produced at high 
temperatures during the destructive distillation of coal and are of 
inferior quality for use as dust palliatives and road binders. 

Hydrocarbons.—Chemical compounds composed of the elements 
hydrogen and carbon. There is practically an unlimited number of 
such compounds, which vary greatly in physical and chemical charac- 
teristics. Complex mixtures of hydrocarbons constitute by far the 
greater proportion of all bitumens. 

Low-Carbon Tars.—Tars containing a low percentage of free car- 
bon—less than 10 per cent. Low-carbon tars are produced at com- 
paratively low temperatures during the destructive distillation of 
coal, and also by cracking oil vapors during the manufacture of car- 
bureted water gas. As a rule they are more suitable than high- 
carbon tars for use as dust palliatives and road binders, or for the 
preparation of such substances. 

Malthas.— Malthas are very viscous semiasphaltic or asphaltic native 
bitumens holding an intermediate position between the petroleums 
of an asphaltic nature and the native asphalts. Asa rule they possess 
excellent binding properties. They constitute the binding material 
of many bituminous rocks or rock asphalts, and in this capacity often 
serve as valuable road binders. Many malthas have a tendency to 
harden rapidly when exposed to atmospheric conditions, and this prop- 
erty, while accountable for an increase in binding value, makes them 
unsuitable for use as a flux in the preparation of asphaltic cements. 

Malthenes.—A term commonly applied to those hydrocarbons in 
petroleum, petroleum products, malthas, asphaltic cements, and solid 
native bitumens soluble in both carbon bisulphide and paraffin naph- 
tha, but not readily volatile at temperatures lower than 163° C. (325° 
F’.). This class of hydrocarbons serves as a valuable permanent flux- 
ing medium for the so-called asphaltenes or naphtha insoluble bitu- 
men in asphaltic cements, giving the cement any desired degree of 
softness when present in the right amount. It is evident, therefore, 


that the consistency of asphaltic bitumens, and particularly stable 
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asphaltic cements, is largely dependent upon the relative proportion 
of naphtha soluble and naphtha insoluble hydrocarbons. The same 
objection to the use of the term “asphaltenes” applies to the use of 
the term “ malthenes.” 

Mineral Rubber.—A term sometimes applied to artificial bitumens 
of rubbery consistency, usually composed of a mixture of gilsonite 
and blown petroleum residuum. 

Naphthas.— Mixtures of hydrocarbons of low boiling points occur- 
ring rarely in nature, commonly obtained from the fractional dis- 
tillation of certain bitumens. When this term is applied to low-boiling 
eoal-tar distillates, it is usually prefixed by the words “ coal tar.” 
The word “naphtha” by itself is generally applied to low-boiling petro- 
leum products. Different grades of naphtha are differentiated not 
only by their boiling points but also by their specific gravities, which 


_ are commonly given in Baumé degrees. Those of very low boiling 


points and specific gravities are called petrolic ethers. Naphthas 
vary not only in the two properties above mentioned but also with the 
type of petroleum from which they are obtained. Those derived 
from paraffin petroleums are quite different chemically from naph- 
thas obtained from asphaltic petroleums. The former are much less 
powerful solvents for asphaltic substances than the latter. Paraffin 


naphtha is used as a solvent for the separation of certain classes of 
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hydrocarbons in asphaltic substances. 

Naphthalene.—A solid crystalline highly volatile hydrocarbon oc- 
curring principally in coal tars and having the chemical formula 
C,,H,;. Its presence in excessive quantities in road tars is believed 
to be detrimental, as it possesses no binding value and gradually vola- 


tilizes from the tar, leaving it hard and brittle. 


Native Bitumens.— Mixtures of hydrocarbons occurring in nature, 
which may be gases, liquids, viscous liquids, or solids, but if solid melt- 
ing? more or less readily upon the application of heat and dissolving 
in carbon bisulphide, chloroform, and similar solvents. The. native 
bitumens that are of use as road materials are petroleums, malthas, 
asphalts, and other solid products such as gilsonite and grahamite. 
Native bitumens often contain impurities such as water, inorganic 
matter in the form of clay, silt, sand, etc., and extraneous organic 
or vegetable matter. 

Oil Asphalts——Artificial 011 pitches or asphaltic cements produced as 
a residuum in the distillation of semiasphaltic and asphaltic petro- 
leum. Many of these products are blown and are therefore known 
as blown oils. 

Oil Pitches.— More or less hard oil asphalts. 

Oil Tars.*—Mixtures of hydrocarbon distillates, mostly unsaturated 
ring compounds, produced in the cracking of oil vapors at high tem- 


1See Asphaltenes. 2See Bitumens. 3 See Water-gas tar. 
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peratures. Oil tars are usually by-products of the manufacture of 
oil gas or carbureted water gas. . 

Paraffin Naphthas.—Naphthas consisting of a mixture of light vola- 
tile hydrocarbons of the paraffin series, ordinarily obtained as light 
distillates of paraffin petroleum. 

Paraffin Petroleum.—Petroleum the base of which is composed prin- 
cipally of the paraffin or open-chain series of hydrocarbons; it is 
thus differentiated from asphaltic petroleums which are composed 
largely of cyclic or ring hydrocarbons. Paraffin petroleums and the 
unaltered residues produced by their distillation are of inferior value 
as dust palliatives and road binders. 

Paraffin Scale—Solid paraffins recovered by distillation and pre- 
cipitation of thedistillates of petroleumand similar materials. The per- 
centage of paraffine in bitumen is usually determined in this manner. 

Paraffine.—The term paraffine covers a number of greasy crystalline 
hydrocarbons of the paraffin series occurring as dissolved wax in cer- 
tain classes of petroleum. When these products are recovered from 
petroleum, they constitute the commercial product paraffine. Par- 
affine is believed to be detrimental to road binders in which it occurs, 
and it is certain that its presence in excessive amounts indicates infe- 
riority in the binding value of the material. It is probable, however, — 
that heavy liquid hydrocarbons of the same chemical series as solid ~ 
paraffine exert a much more injurious effect. i 

Petrolenes.—An ambiguous term sometimes applied to those hydro- 


carbons described under malthenes, which are soluble in carbon bi- | 


sulphide but insoluble in paraffin naphtha, and sometimes to hydro- — 
carbons in petroleum and petroleum products volatile at or below — 


163° C, (825° F.). Owing to misconceptions which may occur, it | 


would seem advisable to eliminate the use of this term. 


Petroleums.—Petroleums, or mineral oils, are fluid native bitumens | 


of variable composition, depending largely upon the locality in #| 
which they occur. There are three general types of petroleum found | 
in the. United States: (1) Paraffin petroleums, (2) semiasphaltic — 


petroleums, and (8) asphaltic petroleums. Paraffin petroleums occur — | 
mainly in the eastern part of the United States and are typified by | 


the Pennsylvania oils. The semiasphaltic variety occurs in the south- __ 
ern and middle western parts of the United States. Texas is one 


of the main sources of this type. Asphaltic petroleums occur in the | 


western part of the United States, particularly in California. 
Petroleums, if of semiasphaltic or asphaltic character, may make — 
excellent dust palliatives and road binders when properly treated. | 

Petrolic Ethers.—Very light volatile naphthas obtained from petro- 
leum. Pal 
Pitches.—Semisolid or solid residues produced in the evaporation — 


or distillation of bitumens. This word is often prefixed by the name 
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of the material from which it is derived, such as oil pitch, coal-tar 
pitch, etc. As a rule the term pitch is confined to the harder re- 
siduums, most of which are too hard for use as road binders unless 
fluxed with a more fluid product. 

Pyrobitumens.—Mineral organic substances which are but slightly 
acted upon by the solvents for the bitumens, but which, upon being 
subjected to destructive distillation, give rise to the formation of 
bitumens. Pyrobitumens are derived in nature both from bitumens 
and direct metamorphosis of vegetable matter. Among the former 
class may be mentioned Albertite and Wurtzilite, and among the 
latter, peat, ignite, and bituminous coal. 

Pyrogenetic._—Originating from the action of heat. Coal tar is thus 
a pyrogenetic bitumen. 

Reduced Petroleums or Reduced Oils.—Residual oils produced from 
crude petroleum by the removal of water and the more volatile oil 
constituents, without chemically altering the base by cracking or other 
means. ‘These residues are often made by distilling the crude oil 
under reduced pressure. Such products are of little value for road 
treatment unless formed from semiasphaltic or asphaltic oils. 

Refined Tar.—A more or less viscous tar which is produced by 
evaporation or distillation of crude tar until the residue is of the 
desired consistency. This term also includes blown tars and cut- 
back products produced by fluxing tar pitches with volatile or non- 


volatile distillates. Refined tars are of value both as dust palliatives 


and as road binders in the treatment of macadam roads. Their 
binding value is proportional to their hardness within certain limits. 

Residual Petroleums or Residual Oils—Heavy viscous residues pro- 
duced by the evaporation or distillation of crude petroleum until at 
least all of the burning oils have been removed and often some of the 
heavier distillates 4s well. Residual oils grade into the artificial 
asphalts and oil pitches as their hardness and viscosity increase. The 
more fluid products, if obtained from semiasphaltic or asphaltic 
petroleums, serve as excellent dust palliatives and semipermanent 
road binders for the surface treatment of roads. The more viscous 
products are often suitable for the surface treatment of roads if ap- 
plied hot, but are seldom of value in road construction unless pro- 
duced from semiasphaltic or asphaltic oils. 

Residual Tars.—Heavy viscous residues produced by the evaporation 
or distillation of crude tar until all of the light oils have been re- 
moved. Residual tars grade into the tar pitches as their hardness 
and viscosity increase. If they do not contain an excess of free 
carbon, they are as a rule well adapted for use as binders in the con- 
struction of macadam roads. 

Rock Asphalt or Bituminous Rock.—A term applied to a great variety 
of sandstones and limestones more or less impregnated with maltha. 
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Deposits of such material are widely distributed over the United 
States and vary from rock which is friable and wholly dependent 
upon the bitumen to hold the mineral fragments together to solid 
rock having merely its interstices filled with bitumen. The former 
type is of value for use as a surface binder in the construction of 
roads when the maltha shows good binding value and amounts to not 
less than 6 per cent of the weight of rock asphalt. | 

Semiasphaltic Petroleums.—Semiasphaltic petroleums or semi- 
asphaltic oils are petroleums containing a semiasphaltic base, 1. e., 
petroleums whose residues produced by evaporation or distillation, 
while composed mainly of asphaltic hydrocarbons, contain also a cer- 
tain percentage of paraffin wax. They thus show a mixed base. If 
their percentage of heavy paraffin hydrocarbons is not excessive, they 
may be made to produce good dust preventives and road binders. 

Short—A term applied to bituminous materials which are non- 
ductile. . . 

Tar Pitches.—Semisolid or solid residual tars. Owing to the gen- 
eral brittleness of tar pitches, only the softer varieties are of value 
in their natural condition as road binders. The harder pitches may, 
however, be used for this purpose if fluxed to suitable consistency 
with heavy or dead oil distillates of tar. 

Tars.—Tars are artificial or pyrogenetic bitumens produced as dis- 
tillates by the destructive distillation of bitumens, pyrobitumens, and 
other organic material. 

Water-Gas Tars.—Mixtures of hydrocarbon distillates, mostly unsat- 
urated ring compounds, produced by cracking oil vapors at high 
temperatures in the manufacture of carbureted water gas. Crude 
water-gas tar 1s a thin, oily liquid having a specific gravity lying usu- 
ally between 1 and1.10. As a rule it contains a considerable quantity 
of water, which is, however, largely removed by'mechanical devices 
before the tar is placed upon the market. This water is not am- 
moniacal, as in the case of crude coal tars. The composition of water- 
gas tar varies with the character of the oil which is carbureted and 
with varying conditions attending the carbureting process. It always 
shows a low percentage of free carbon, usually less than 2 per cent, 
and contains little or no naphthalene unless previously used for scrub- 
bing coal gas. Crude water-gas tar has practically no binding value 
and is serviceable only as a dust palliative in the surface treatment 
of roads. When reduced to proper consistency by distillation, how- 
ever, it shows certain desirable properties for use as a road binder 
both for surface treatment and macadam construction. Water-gas 
tar may also be used in the preparation of road binders from high- 
carbon coal tars. When this is done, the two crude tars are mixed in 
such proportion that when distilled to the desired consistency the mix- 
ture will contain less than the maximum limit of free carbon allowable. 


[Cir. 93] 
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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PuBLIc RoADs, 
Washington, D. C., March 25, 1911. 
Srr: I have the honor to transmit herewith a manuscript of a cir- 
cular prepared by this office, entitled ‘“‘ Progress Reports of Experi- 
ments in Dust Prevention and Road Preservation, 1910.” This 
is one of the series of progress reports which have been issued annu- 
ally for the past five years and embody the results of experiments 
conducted by this office in all sections of the country. These cir- 
culars are being used more and more, and great interest has been 
shown in regard to their contents. I therefore request that this docu- 
ment be issued as Circular 94. 
Respectfully, ‘Loaan WALLER PAGE, 
Director. 
Hon. JAMES WILSON, 


Secretary of Agriculture. 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST PRE- 
VENTION AND ROAD PRESERVATION, 1910. | 


INTRODUCTION. 


During the year 1910 the Office of Public Roads conducted a num- 
ber of experiments in dust prevention and road preservation, mainly 
along the lines followed in previous years. Descriptions of the ear- 
her experiments from and including those for the year 1905 have 
already been published in Circulars 47, 89, 90 and 92. Reports of 
inspections of these experiments will be preceded by descriptions of 
those conducted during the past year. 


EXPERIMENTS AT ITHACA, N. Y., 1910. 
TAR, OIL, OIL-ASPHALT PREPARATIONS, AND ASPHALT BLOCK. 


The experiments at Ithaca were a continuation of those conducted 


in 1909 by the Office of Public Roads in cooperation with Cornell 


University for the purpose of ascertaining the relative value of dif- 
ferent road binders applied in a number of ways under given condi- 
tions. A. full description of the 1909 experiments is to be found in 


Circular 92. A number of the road binders intended for use in 1909 
_ could not be tried out during that year owing to bad weather in the 
fall, which made it necessary to stop work. These materials and a 


number of others were used during the past year. 
Considerable time was lost during the summer in the hope of mak- 


' ing arrangements to continue the experiments on State road No. 681, 


which is an extension of the road on which the experiments of 1909 
were conducted. Such arrangements could not be satisfactorily 


made and it was therefore decided to make use of roads in the col- 


lege grounds adjoining the road formerly treated. While this was 
unsatisfactory for a number of reasons, it was the best arrangement 
that could be made under the circumstances. The roads selected 
for these experiments were East Avenue and South Avenue. East 
Avenue intersects Forest Home Drive at the brick section, experi- 
ment No. 14, described in Circular 92, and runs south to South Avenue. 
Experiments were begun on East Avenue at Reservoir Avenue, a 
short distance south of the brick section, at station 0, and were 
continued to South Avenue. From the intersection of Kast Avenue 


with South Avenue the work ran west on South Avenue. Both of 


these roads are subjected to automobile and light draying traffic dur- 
ing the summer months and a considerable ardoultt of heavy draying 


during the winter months. Loads of coal running from 4,000 to 


6,000 pounds are of common occurrence during the latter period, 
especially on South Avenue. 
Work was begun on September 12 and continued to November 16, 
when bad weather prevented its completion. It is hoped, however, 
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that all of the remaining materials will be laid early in 1911. In all 


2,158 linear feet were completed during the past year. The work 


was carried on in the same general manner as that of 1909. Accord- — 
ing to previous arrangements, the university furnished all stone, ma- 
chinery, and necessary labor; various manufacturers donated the 
bitumens and asphalt block; ‘and the Office of Public Roads paid 
freight charges on donated materials and furnished supervision of 
the work. When so desired, the manufacturers had a representative 
present during the application of their material. In the experiments 
with the bitumens, two methods of construction, the penetration 
method and the mixing method, were employed. Materials applied 
during 1909 according to only one method were used 20C Ona to the 
other method in the Sole wine experiments. 

From station 0 at Reservoir Avenue to station 21+58 the road 
passes over an old macadam road, which was formerly rough and 
uneven. The old road was, therefore, spiked up with a 10-ton steam 
roller equipped with spikes. It was then harrowed with a spring- 
tooth harrow, which brought the coarse stone to the surface and al- 
lowed the dust and other fine material to sift down below. In places 
where the road was very uneven the old material was either taken out 
altogether or more of the old stone hauled in so as to make the surface 
even. from station 0 to station 5, five catch basins had been placed 
on the west side of the road for the purpose of draining the old road 
surface and preventing seepage from the hill on the east side. A 
slight fill was made from stations 9 to 12 with stone taken from the old 
road surface and bricks. The grade at this point was reduced to 3.5 _ 
per cent. From stations 15+50 to 17+835 a slight cut was made and 
the material excavated was used in a fill from station 17 +35 to station 
18+25. This reduced the maximum grade on the road to 4.5 per 
cent. When the drainage had been cared for, the road, which had 
been spiked up and harrowed, was rolled until firm with the 10-ton 
roller. A course of broken limestone ranging in size from 1 inch to 
2% inches was then spread over the road for a width of 20 feet. This 
course was approximately 24 inches thick, but it varied in places 
sufficiently to bring the surface to the desired grade. After being 
rolled, it formed the foundation for the wearing surface of all of the 
sections hereafter described. The bituminous wearing surfaces were 
placed upon this foundation for a width of 16 feet and broken stone 
shoulders were constructed on the sides for a width of 2 feet, except 
in the asphalt block section. 

The working equipment was the same as that used during the pre- 
vious year. A 10-barrel tank fitted with a fire box and mounted on 
wheels was used for heating the bituminous binders, which were fed ~ 
into the tank through a manhole in the top and, when heated, were | 
drawn off through a spigot placed just over the fire box at the rear 
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of the tank. Owing to this arrangement, the entire contents of the 
tank had to be brought to the desired temperature before drawing 
off. Two 2-barrel iron soap kettles were also used for heating the 
bitumen used in the penetration method and also as a paint coat. 

The mixing plant was located at the railroad siding at East Ithaca 
about one-half mile from the road. The equipment here consisted of 
four flat stone heaters made of 4-inch sheet steel, each having a heating 
surface of from 75 to 80 square feet. These were used for heating 
the large-sized stone. A semicylindrical section of an old boiler was 
used for heating the screenings. A portable concrete batch mixer 
of the old McKelvey type was used for making the mixtures. It was 
driven by a gasoline engine connected by a chain drive. This mixer 
caused a considerable loss of time and labor owing to numerous 
breakdowns. Wheelbarrows loaded each time as nearly alike as 
“possible were used in measuring and transporting the stone from 
the heaters to the mixer. They were also used for carrying the stone 
from the storage piles to the heaters. The prepared stone was 
hauled to the road in wagons. 

The labor employed was unskilled and consisted of the regular 
campus force together with a few extra men. Common labor was 
firured at $1.75 per 9-hour day, foreman at $3, and double teams at 
$4. These figures were somewhat higher than for the preceding year. 
The engineer for the mixer was paid $4.50 per day. The roller was 
rented for the season for $200, which averaged about $3 per day. 
Wood at $3.50 per cord and coal at $1.65 per ton were used for fuel. 
Some scrap wood was also used. The stone used was a hard lime- 
stone, costing 70 cents per ton f. o. b. at the shipping point 80 miles 


away. Freight on this stone amounted to 50 cents per ton. 


As in the preceding year’s work, the cost of construction was ex- 
cessive, owing to the shortness of the sections and the crude machin- 
ery and heating apparatus. 

In order to avoid confusion the following experiments and sections 
have been numbered in sequence from those described in Circular 
92. Thus, the last experiment conducted in 1909 was No. 14 and 
the last section No. 15. The first experiment described below is, 
therefore, No. 15 and the first section beginning at station 0 on Kast 
Avenue is No. 16. 


EXPERIMENT No. 15, Section No. 16—Om-ASPHALT—PENETRATION METHOD. 


The section treated in this experiment was 300 feet long and be- 
gan at station 0. The wearing course of stone which ranged in size 
from 14 inches to one-half inch in diameter was laid 4 inches deep 
when loose and then rolled until firm. The bituminous material 
used in this experiment was an oil-asphalt similar to that used dur- 
ing the previous year in experiment No. 4, section No. 12, Mixing 

Method. Upon analysis it showed the following properties: 
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TABLE sige of oil-asphalt! used in experiment No. 15. 


Specific gravity 25°/25° OC... .. 2-2. seen eee eee eee eee eee . 0. 958 


Melting point °C. (cube mst a ila'g bis ae’ s Lhe LOtenaney RESIS EAS ae 69° 
Penetration (No. 2 N, 5 seconds, 100 grams, “25° CO: )snhapeuie Sete oe 225° 
Per cent of loss at 163° G., 5 hours (20 grams) ..-....::-..-.-.-+-)> wane Lode 


Penetration of residue ” Os above) 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............-.. 22. 26 











Rer cent of fixed carbone. 02022020. 222. oot ee 2 8. 87 
Per cent of bitumen soluble in CS,, air temperature (total bitumen) ........ ee fa 
Organic matter insolubles? ooo Soe gece oes we ne oo By aE 
Inorganic matter) ...\22 2 a Sa Ed el. 
100. 00 


This material was heated to between 250° and 300° F., and then 
drawn off into coal scuttles fitted with strips of metal, which were 
riveted across their spouts, so as to give an opening 44 inches across 


and one-half inch wide. The binder was then povred upon the pre-— 


pared road surface at the rate of approximately 1 gallon per square 
yard. The surface was given a light coat of screenings (one-half inch 
in size and free from dust) and then rolled. More screenings were 
applied from time to time until all voids were filled. The surplus 
screenings’ and the dust caused by the grinding action of the roller 
wheels were then swept from the surface with rattan hand brooms 
and a paint coat of the hot bitumen was applied at the rate of 
one-half gallon to the square yard. Screenings were again applied 
in sufficient quantity to take up all surplus binder and the road was 
rolled until smooth and firm. 

When last inspected on December 14, it was found that two spots, 
one about 5 feet square and the other 2 feet square, had begun to 
ravel. Owing to bad weather, these places were not repaired; they 
will, however, require attention at the beginning of spring. With this 
exception, the section was in excellent condition. 


EXPERIMENT No. 16, A AND B, Sections Nos. 26 anp 27—-REFINED ASPHALTIC 
_ PREPARATION—PENETRATION METHOD. 

The two sections treated in this experiment had a total length of 
252 feet, beginning at station 19+06 on East Avenue and running to 
station 21+58 on South Avenue. The foundation was prepared in 
the same manner as for all of the other experiments. Upon this 
foundation the wearing course of broken stone ranging from 2 inches 
to one-half inch in diameter was laid 4 inches deep when loose. 
Clean, sharp bank sand was then applied to a depth of one-half inch 
over the surface. This sand was somewhat damp and a steel-tooth 
harrow was used to stir it until dry, and work it into the course of 
stone so as to fill the voids fairly well when rolled. The hot binder 
was then poured over the surface at the rate of approximately three- 





1 Semisolid, sticky. 2 Considerably harder, surface dull. 
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_ fourths of a gallon per square yard, and immediately covered with a 
layer of three-fourths-inch broken stone spread just thick enough to 
cover the surface. — 
The properties of this bande which was shipped in barrels, are 
shown in Table 2 


TABLE 2.—Refined asphaltic preparation! used in experiment No. 16, A and B. 





I Te abe Mg 8! eres td Soe oid ily i O2 a Ws Yeiaisle cade oeistos Deapeeas 1. 004 
I CT CLIT YA bE Ss iS ah iis wane she wine eosin nie on ne eee y fara Cae 
en ant Se ee OMe an Se 90° 
ate lls eet ll ite ag al Sera tates Riga ad)? 130° 
Beeman toss 2t,163° C., 5-hours (20 grams). ..3..05....0...004sscce eee ccs S57 
memo residue at 50° C. (time)........5.. 0.05. eee eee cee eee ae L720 
Penetration of residue? (No. 2 N, 5 seconds, 100 grams, 25° C.) ............. 64° 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha............... 17. 88 
SE MEEREMMGAIOOI. . 2.0 cie).. cen oS c a ire Lae ce sec etne ese eeapenes I2e21 

Per cent of bitumen soluble in CS8,, air temperature (total bitumen)......... 97. 94 
DM MOrINSOUIDIG: Vat. 2 SL IA a a 1.41 
ee ae, Gia a Saae  C Seda pn OED Alea ee ee . 65 

100. 00 


(a) The road was next rolled until firm, after which' another appli- 
cation of the binder was made in the same manner as before at the 
rate of approximately three-fourths of a gallon to the square yard. 
Stone screenings were then applied in sufficient quantity to fill the 
surface voids and take up all excess of binder, and the road was fin- 
ished by rolling until smooth and solid. A total length of 106 feet, 
constituting section 26, was thus treated. 

(b) Cold, rainy weather made it necessary to discontinue the work 
at this point, although 146 feet had already been given one applica- 
tion of the binder. This section was, therefore, given a heavy coat of 
screenings to protect it against traffic until spring, when it should be 
completed. 


EXPERIMENT No. 17, Section No. 18.—Or1t-AspHALT—Mixin@ METHOD. 


The section treated in this experiment was 300 feet in length and 
began at station 3+50. Broken stone heated in the manner pre- 
viously described was used in the proportion of 6 parts by weight 
of from 14-inch to }-inch stone to 2 parts of }-inch screenings free 
from finan: These two sizes of stone were measured in wheel- 
barrows and carried to the mixer. The coarse stone was first dumped 
into the mixer and then the bituminous binder, heated to about 250° 
F., wasadded. After the mixer had made a few turns, the screenings 
were dumped in and the mixing continued until the stone had become 
thoroughly coated with the binder. The mixture was then dumped 
into wagons and hauled to the road, where it was spread on the foun- 





1 Viscous, sticky. 2 Semisolid, sticky; surface glassy, 
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dation from a dumping board to a depth of from 34 to 4 inches. After 
alight coat of stone chips, ranging from one-half to one-fourth inch ~ 
in diameter, had been applied to keep the bitumen from sticking to the 
roller wheels, this course was well rolled. While rolling, more chips 
were added as required and, when thoroughly rolled, the surface was 
painted with about one-half gallon of the bitumen per square yard. 
Enough stone chips were then added to take up all surplus bitumen, 
and the road was finished with another rolling. This section presented 
a good appearance, and was firm and well bonded when finished. 
The properties of the bitumen used are shown in Table 3. 


TABLE 3.—Oil-asphalt} used in experiment No. 17. 











Specific gravity 25°/25°) Cisse scee we do's so cheiwunsinge = is <> <pslyole ge bee 0. 991 
Melting point °C. (cube method);. (2... 2 riads0é 0652 bierie ae ce = de BY fe 
Penetration (No. 2.N, 5 seconds, 100 grams, 25° C.)=.-_..-. 5 ee 187° 
Per cent of loss at 163° C:, 5 hours (20 grams) :...-....-.2..-01 2. soe 0. 92 
Penetration of residue? (as above)=ts stscimet cia. 2.) olen the eee 116° 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha iwlossJopa ene 18. 93 
Her-cent, of-fixed carbon. 2... ees ecc+ tn csas ae <onc ow cable as pnine ole oe seen 9. 56 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen)........... 99. 82 
Organic matter insoluble............-.. , siend = 85414 gal» ts Deets eee ee bd 
Fnorganic matter. 25M. Seas. bees Seeeee ee tL.) Co ee . 07 

100. 00 


EXPERIMENT No. 18, A AND B, Sections Nos. 20 anp 21.—SEmIsoLIp, REFINED, 
Sear error Orm—Mixine METHOD. 

The sections treated in this experiment had a total length of 300 
feet and began at station 7+26. The wearing course for both was 
mixed and laid in the same manner as described in experiment No. 17. 
The bitumen used showed the following properties upon analysis: 


TaBLE 4.—Semisolid, refined, semiasphaltic oil? used in experiment No. 18, A and B. 











Specific.gravity 25°/26° CO... 2 as ede t oe eee cle Se a ee ce nie ee 0. 985 
Melting point °C. (cube method). . we Se oes ee a ee 
Penetration (No. 2 N, 5 seconds, 100 grains) 25° ©. Ae: Ee 242° 
Per cent of loss at 163° C., 5 hours (20 grams) ....02.....-...--..-. =e 0. 43 
Penetration of residue * (28 above) swsn%esaciey.e.dd. scl. 4 bec See eet U3Te 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha................ 20. 29 
FPer:cent of fixed carbon... 5522.27 20-05< cet pet coe oe n ee oe 11. 98 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen)........... 99. 70 
Organic.matter insoluble................-<. Ne eaten tes we ts oo 4d = rr .19 
Inorganic matter... 2. Ss ens oe cic eels. seo We ete ete ce 2 ke ere ee PLE 
100. 00° 


(a) For a distance of 206 feet, constituting section No. 20, the 
wearing surface was rolled, after screenings had been added, and then 
painted with hot bitumen and finished off in the same manner as 
described in experiment No. 17. 





1 Semisolid, sticky 3 Semisolid, sticky. 
3 Semisolid, sticky; surface lustrous. 4 Considerably harder; surface dull and granular, 
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(b) On the remaining 94 feet, constituting section No. 21, no paint 
coat was applied. The surface here was finished off by rolling in 
stone chips until the road was firm. The surface of this section was 
slightly rougher than that of No. 20, but quite satisfactory. 


EXPERIMENT No. 19, A anv B, Sections Nos. 22 anp 23.—REFINED WATER-GAS 
Tar—Mrxinea METHOD. 


The two sections in this experiment had a total length of 300 feet, 
beginning at station 10+26. The wearing course was mixed and 
laid in exactly the same manner as described under experiment No. 
17, with the exception that a heavy, refined water-gas tar was used 
asa binder. The properties of this material are shown in Table 5. 


TABLE 5.—Analysis of heavy refined water-gas ‘tar used in experiment No. 19. 








LSE 9 Ural pl i ele pa ai in AES Wyse: 
Cents, (CNG) soe eee. Pee.) oe OS a ee 202177 
Per cent of free carbon (insoluble in CS,, air temperature).................. . 56 
Distillation: cote by wena 
ree. Ses ee ey I Pasa Io SS 0.0 — ~—-0.0 
I ST aA AAG Se hen Gis ee ge get pe 1 sis 
METH eT LO oS ee oe ae igs ig we nie ees y ay 
NE I ec or wie ete! tin cm eee neste ee oe «ng ce 20.1 
ee ns ee ing Sy Pe ee a ae when mee + 4 mie 375.9 79. 0 
100. 0 99. 4 


(a) For a distance of 130 feet, constituting section No. 22, the wear- 
ing surface was rolled, after screenings had been added, and then 
painted with hot bitumen and finished off in the same manner as 
described in experiment No. 17. 

(6) On the remaining 170 feet, constituting section No. 23, the sur- 
face was finished with a coat of tarred screenings instead of a paint 
coat. . The screenings were mixed in the mixer and hauled to the 
road, where they were spread while hot to a depth of one-half inch. 
The road was then rolled and a thin layer of screenings, not treated 
with tar, was applied to take up the surplus binder, after which the 
road received another rolling. When finished, this section had a 
smooth, hard surface, but at the end of 10 days, after it had been 
opened to traffic, both (a) and (6) raveled badly in places. As many 
as possible of these raveled places were repaired before bad weather 
set in, but indications point to a continued disintegration. For the 
last 51 feet of section 23, a cinder-cement-concrete combined curb 
and gutter was built on each side. This is described under section 
No. 24, for which it was built. No cost for this work is, therefore, 
included in the cost data for this experiment. 


1 Very viscous, sticky. 3 Pitch residue, hard, brittle, and lustrous. 
2 Distillate clear. 
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Experiment No. 20, Section No. 25.—Om-AspHALT—-M1x1nG@ METHOD. — 


The section treated in this experiment is 296 feet in length and 
begins at station 16+ 10. The wearing course was mixed, laid, and 


finished off in the same manner as described under experiment No. 17. _ | 


In the last 146 feet, however, stone from 1 inch to ? inch in size 
was used in the mixture in place of that ranging from 14 inches 
to 4 inch. When this section was opened to traffic, it raveled 
badly and rutted under heavily loaded wagons. The manufacturers 
of this product, realizing that it was too brittle, signified their desire 
to treat this section with a paint coat of a lighter material. It was 
finally decided, however, to defer such treatment until spring, if it 
was then needed. A cinder-cement-concrete combined curb and 
cutter was placed along each side of this section for the first 25 feet. 
As this was done in connection with section No. 24, no cost for the 
work is shown in the cost data of this experiment. 

The properties of the binder used in this experiment are shown in 
the following table: 


TABLE 6.—Analysis of ovl-asphalt } used in experiment No. 20. 








Specific gravity 25°/25° ©. oo. Scab oe ne oe a tes > se wre ieee ee 1.061 
Melting point ° O. (cube method) .-....... 25... - 25. see oe 108° 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C.)........._... 22a ee {3 ed 
Per cent of loss at 163° C.,°5 hours (20 grams)... -=...-.. 22. <2 22 see 0. 00 
Penetration of residue 7.(as above). .25 oe. . Se ow se caee ne ee Ve be 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha............... 32.74 
‘Per cent of fixed carbon: 7F 2202 22 Seas on ee ne es ene = 22.03 
Per cent of bitumen soluble in CS,, air temperature (total bitumen).........- 99. 84 
Organic matter insoluble... - 22.2 l soso. 2. -. +c enc- sear ate oe: ete oe .16 
Inorganic matter... 00.2... 5e2 os feo ies Se ae ee ee = 00 





EXPERIMENT No. 21, Section No. 17.—Or1t-ASPHALT—PREPARED-FILLER METHOD. 


Section No. 17 is 50 feet in length. The prepared-filler method of 
construction may be described-as one in which the wearing course 
of stone is bound with a filler composed of a mixture of stone screen-— 
ings and bitumen. The foundation for this work was prepared in. 
exactly the same manner as described for all of the preceding experi- 
ments. Upon this foundation a wearing course of crushed rock 
ranging from 14 inches to 4 inch in diameter was laid to a depth 
of approximately 4 inches. This course was then covered to a 
depth of from 14 inches to 2 inches with the prepared filler, consist- 
ing of a mixture of stone chips, sand, and the oil-asphalt described 
in experiment No. 15. Both the aggregate and bitumen were first 
heated and then mixed in the mechanical mixer. The proportions 
of the constituents of this mixture were as follows: 11 cubic feet of 





1 Hard, brittle. 2 No apparent change. 
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stone screenings from +4 inch to } inch in size, 44 cubic feet of sand, 
and 5 gallons of ‘Sea 

After the filler had been spread, it was harrowed with a light spike- 
tooth harrow, which worked it down into the wearing course. About 


four trips of the harrow were required to do this so that the coarse 


stone appeared on the surface. At this point the road was rolled 
until it did not creep under the roller and a paint coat of the hot 
bitumen was then applied at the rate of 4 gallon to the square yard. 
The road was finished with a light rath of stone chips which were 
rolled down in sufficient quantity to fill the surface voids and take 
up all excess of bitumen. 


_ EXPERIMENT No. 22, Section No. 19.—Om-AspHALT—PREPARED-FILLER METHOD. 


This section is 76 feet in length. The method of construction was 
identical with that described under experiment No. 21, with the 
exception that the surface was finished off with a coat of the prepared 
filler about 4 inch thick instead of the paint coat. Results so far 
obtained Roald seem to indicate that such a surface is preferable to 
the paint coat. The bitumen used in this experiment is the same as 
that described in expériment No. 17. 


EXPERIMENTe No. 23, SEcTION No. 24.—AsPHALT BLOCK. 


Section No. 24 extends from station 13 + 26 to station 16 + 10, 
a distance of 284 feet in all. The foundation for this experiment 


‘was prepared in the same manner as for the other experiments except 


that 4-inch screenings were used in place of the No. 2 stone. 
A cinder-cement-concrete combined curb and gutter was built on 
each side of the section. The curb was 6 inches high and the gutter 


was 15 inches wide, and both were 6 inches thick. The body of the 


curb and gutter was composed of a mixture of Portland cement, 
sand, and cinders in the proportion of 1: 2:3, respectively. Both 
were faced about 1 inch thick with a mixture of one part of Portland 
cement and three parts of sand. 

A mixture (1:4) of Portland cement and sand, moistened so that it 
would stick together when compressed, was spread over the founda-— 
tion for a depth of from 1 to 2 inches and was then struck off with a 
template having a crown of 4 inch to the foot. When the surface 
was thus made smooth, the asphalt blocks were laid on the sand- 


~ cement cushion, flush with the top of the gutter, under the supervi- 


sion of askilled block layer. Twenty-one blocks were required for each 
square yard. After the entire section had been laid, a thin layer of 
clean sand was spread over the surface so as to fill és joints between 
the blocks. This section was not opened to traffic for about 10 days 
after completion, in order to give the cement-sand cushion time to set 
thoroughly. Most of the sand and cement was mixed by hand on a 
mixing board, although the concrete mixer was also used to some 
extent for this purpose. 
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The properties of the asphalt block are shown in the following table: 


TaBLe 7.—Analysis of asphalt blocks used in experiment No. 23. 


Percent soluble in CS,, air temperature (total bitumen).............--.....-- 6. 25 
Per cent of mineral matter, etc. -....:.0.5------ 602-25 -555 - o> Sane 93. 75 
Per cent retained on a 10-mesh sieve.....-.--.---: pus Ae. aS ie Ree 
Per cent passing 10, retained on a 20-mesh......--.....---<----2-te osm =x. en aed 
Per cent passing 20, retained on a 30-mesh..........--.-------++-----+22255 6.7 
Per cent passing 30, retained on'a50-mesh......-.-. 3 op ues 8.2 
Per cent passing 50, retained on'a 80-mesh. <-->. 222. 9) ee foe 
Per cent passing 80, retained on a 100-mesh: 2/2/1015) 202) 0. 2 ee 4.3 
Per cent passing 100, retained on a 200-mesh......-....52.52-)2¢ -4 > =e 12.0 
Per centpassing 200-mesh...... 2... os oo nn oon cs 22 sins cee es «ain oe 18.5 _ 
100. 0 
Extracted bitumen:! 
Specific gravity 25°/25° Oeil). Ne IOL. INS See, 1. 055 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C.)........-....--.---- 37° 
Per cent of loss at; 163° G., 5.hours (20 grams) +...... 10.5272. 42. 0. 10 
Penetration of residue ? a above).. oa «ks tae 30° 
Per cent of bitumen insoluble in 86° B. Hemet Aphis “sees sac =. oe hie 
Per cent'of fixed 'Carbons.- 2. fe2- ss os 12 oe en ee oe eee 7. 04 


SUMMARY OF EXPERIMENTS AT ITHACA, N. Y. 


When last inspected, on December 14, 1910, all of the sections 
were in fairly satisfactory condition with the exception of Nos. 16, 
22, and 25. The final results will be published later. The cost 
data for the various experiments are given in Tables 8 and 9. 


TABLE 8.—lItems of cost. 


EXPERIMENT NO. 23, SECTION No. 24—ASPHALT BLOCK. 


Lengthof section >icc... 323. SEE. Be ee ee feet... _ 284 
ATORIOL SCHON Sas wiers ayes Pe oo ote Sete ee be A square yards.. 533 
engthot-curbing .. ..5 68-50 cba: aie ee eee feet.. 568 
Sand and cement cushion per square yard .................-- cubic yards. . . 042 
Number of blocks per‘square yard..-..<..----2<06--+2"--25. 5 oe 21 
Cost of curb and gutter per running foot ..........-....../.---.-- cents. . 23. 52 
Cost of preparing old road foundation per square yard......-...... cents. . 8. 67 
Cost of hauling and laying" blocks’. > 22 .e. cca. chess oe ee 17. 97 
Cost of block:per square yard 0. ier. 20ers. FO ren eee dove: 98. 70 
Cost of freight on blocks per square yard.....-...-.-.-...--------- dove: 31. 08 
Cost of cement and sand cushion per square yard.............----- doton 9. 38 
Miscellaneous expenses per square yard............-....---.+----- docu 1. 62 
Cost of curb and gutter per square yard of road.................... doizee 26. 46 
Total costiper square ward 2 .. 4.2 ta ekee ees ote eee do..-. 193.88 
Total.cost of.entire section. ... : 2. ces. 4 eo; = ee ee $1, 033. 38 





1 Hard, smooth, glossy surface. 2 But slightly changed. 





DUST PREVENTION AND ROAD PRESERVATION. 


‘Q0BJANS BULIVOM 
puv wonepunoj—uorjo0s o1tUq 





‘(pied orenbs rad sued) 
eovjins SuLIveM pus uoTepuNnoy 





Total cost— 


“mOT}00S ITU 





69. 36} 213.63) 78.34) 241.28 
54. 43] 141. 52) 63. 40) 164. 86 


$10) 50.08| Sesame 


‘(pred orenbs 10d) syuag 








o3 rs 3 eb. 7 \79, 10/$421. 61 
































oO OOD 
‘puts Surpveids pues 3uyne xy | = oe 
co 1 0 
. Nt AN 
SuIpely | ea 
firo>) ' Ow 
a “Iapulq UO WYSE, | ome : 7 
‘ ‘ re 
z ON Oo ANN 
4 *SOSURT[ZOSIPT | er “ eS 
© ae 
a “SUTTIOY | SS S55 
= 6929 00 1919 
By > nD § oO 
ty ‘repuiq Zurdjdde pue 3unvoyT | = geht age e 
. Oi a! Ceti: =! 
ior oO + ae 
= 2 ‘Iopulq Sune | Npele tate 
sy q Ci ol + wd 
(3) Pave} ‘oO 
8 £ “wepurgd | a ee 
c= 8 os 
3 forges} 00 00 
3 3 *9u0js SurlAel pus Sul~ne yy | = 3 : 3 
~ 
“a 8 tre c2 oD 
ac oe) *BUIPIS 78 SSUTUGEINg | ds ae ye wae 
5 ne 
ae) *BUIPIS }@ 9U0}s TYouI-F tas x ¥ 
& g TEES 
5 3 *BUIPIS 78 9UO}S Z "ON | Sn ee 
x ar 1 =<—wi~= 
= = (pred orenbs oie aN 
iz ied spied o1qnd) pesn 904s Youl-F sui $72 
= S _ | erenbs sod spred o1qno) sayy pueg See oa 
iz] 
3 mM | 3 “(pre arenbs red spreé Vigo 
fi 2 § | oyqno) srepmoys uo pesn pueg Snot: ae 
eae & | ‘(pred darenbs sod sprefoiqno) | Sik :: 
2 a | Stepmnoys euo}s uo pesn ssujueeldg | SG: : 
3 br ‘(pred orenbs sod suot (moat 
& = | -183) uonvoydde puooes ‘1apulg Pepratn* 
= | ‘(pred orenbs red 'S : 88 
= es suoy[es) uorjeordde ysiy ‘lepurg ee 
“(pred ‘No: oe 
at erenbs Jad spied o1qnd) ssutuees0g aise 
i “(pred 27: 8 
= erenbs ied sprvd ojqnd) eu0jysz*ON | Ss: 
* eee peng SEER Weak Aga 53 % Bs 
eS (spre orenbs) uoyjoos Jo vay | SB BSA 
ee =) nN 
*(qaaJ) WoTJOes JO WYZUE'T | Ss eB 3s 
Wages 
ee ere 
ine Sera 
g £3 8 a | 
~ ~ ‘ 
8 2 eee 
s oO gs& g-bs 
= Ss OP 
: aS ee: 
_—<—_ 
a a Be : 
3 nH eh ee: 
3 ct hl bee 
& Bites ta 
bod Aimg i: 
isto Aodaco 
3 43g 253 
— <a Bye 
—Q Oma i 
‘ON uojoag | ARARAS 
ne 34 
‘ON JUeUTTIedx | | ee ew oS 





16 


TABLE 9— Materials and cost data of experiments at Ithaca, N. Y.—Continued. 


PREPARED-FILLER METHOD. 


Total cost— 


Quantity of materials. 


Description. 


Cosi data (cents per square yard). 
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18 DUST PREVENTION AND ROAD PRESERVATION. 
EXPERIMENTS AT KNOXVILLE, TENN., 1910. 
TAR AND OIL PREPARATIONS. 


The road selected for these experiments is known as Rutledge Pike 
and is one of the main county roads leading into Knoxville. It is 
subjected to heavy automobile and country traffic the year round. 
The section selected for these experiments was an old macadam road 
beginning at the old schoolhouse and running northeast to Lake 
Street, a distance of 980 feet. All of the intersecting streets are clay. 

The work was begun on July 25 and finished September 7. For 
all of the experiments a foundation was prepared as follows: The 
old road, which was very uneven, was first spiked up with a steam 
road roller equipped with spikes. It was then brought to a true 
grade with a road machine and slips, and after this a spike-tooth har- 
row was used to bring the coarse stone to the surface and work the 
fine material down. Crushed limestone, ranging from 2 inches to 
2 inch in diameter, was then spread over the road to a depth of 2 
inches and rolled with a 10-ton roller until firm. This stone was a 
soft limestone costing 90 cents per cubic yard f. o. b. street cars at 
the crusher, about 5 miles from the road. Freight amounted to 30 
cents per cubic yard. The stone used in the bituminous wearing 
surfaces was fine grained and very hard, and was known locally as 
iron limestone. This material cost 674 cents per cubic yard at the 
crusher, from which it was hauled to the road in wagons holding 14 
cubic yards each. One team could haul 6 cubic yards per day. 

The road was constructed 20 feet in width, with a 3-foot earth shoul- 
der on each side. Station 0 was opposite the old schoolhouse. From 
station 5+50 to station 10 the road was about level with the sur- 
rounding country, and it was therefore found necessary to cut side 
ditches low enough to secure good drainage. A 15-inch corrugated 
iron cross drain, which emptied into an outlet ditch, was placed at 
station 6+05 and an 8-inch cast-iron drain 36 feet long was placed 
across Lake Street at the intersection. 

A crown of one-half inch to the foot was adopted for both the 
foundation and the bituminous wearing surfaces. The bituminous 
binders were heated in two 120-gallon unmounted kettles and applied 
according to the penetration method. These kettles were not 
equipped with fire boxes, so that heating and applying the bitumens 
proved a slow and costly operation. Two sections of roadway were 
constructed with refined tars and one with an oil asphalt. 

The labor employed was unskilled, and consisted mainly of negroes. 
Common labor for the foundation work was figured at $1.35 per 
10-hour day, and for the bituminous work at $1.50 per 10-hour day, 
Double teams cost $3.50 per day, and the roller and operator $3 
per day. 
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EXPERIMENT No. 1, Section No. 1.—REFINED CoaL TAR—PENETRATION METHOD. 


The section treated in this experiment begins at station 0+ 25 and 
is 217 feet in length. Upon the foundation, prepared in the manner 
previously described, a wearing course of the hard limestone crushed 
to sizes ranging from 2 inches to ? inch in diameter was laid loose to 
a depth of 4 inches. This stone was clean and free from dust. The 
road was then rolled with the 10-ton steam roller until firm, and after 
this the binder was applied, heated to between 250° and 300° C. 
Application was made at the rate of 14 gallons per square yard by 
pouring the hot binder from coal scuttles, fitted with strips of metal 
across their spouts, so as to give an opening 44 inches across and 4 
inch wide. The road surface was then given a light coat of 4-inch 
stone screenings, free from dust, and rolled. More screenings were 
applied from time to time until all surface voids were filled. 

The surplus screenings and dust caused by the crushing action of 
the roller were then swept from the surface with rattan hand brooms 
and a paint coat of hot tar was applied at the rate of one-half gallon 
to the square yard. Screenings were again applied in sufficient quan- 
tity to take up all excess of binder and the surface was well rolled. 
The road did not “‘set up” satisfactorily, but waved under the roller, 
so that the use of a large quantity of screenings was required to obvi- 
ate this difficulty. Even then the surface failed to bond as was 
desired. After 10 days the road was opened to traffic, which caused 
raveling in three or four places. Owing to the fact that the supply 
of tar had been exhausted, these places were patched with the mate- 
rial used in experiment No. 3. After this section had been opened 
for about three weeks, the road became smooth and solid. 

The properties of the binder used in this experiment are given in 
the following table. It was used upon request, owing to the fact 
that a small supply was already on hand at Knoxville. The price of 
this material at the storehouse was 11 cents per gallon. 


TaBLE 10.—Analysis of refined coal tar! used in experiment No. 1. 








5 EAs im IR 20 SP aR Per ry 1. 249 

Mumma of” ©. (time).......2..-.2-....---- ons echihe AeROR RABE seine Se. 14. 47/4 

io og TTC Ga a ae SPS 44// 

Per cent of free carbon (insoluble in CS,, air temperature).........----------- 26.31 

Distillation: 

Per cent Per cent 

by volume. by weight. 

eS eo dwn cic e Se ele ols woh Trace. Trace. 

EES 8 00 ee ee ee eo ee 0. 4 0. 2 

Seer ent Oils 110°-170° ©... . ...- 2 ---- 22 - ele - eee ae iG 

SERS CN RS ee tae nee 324.9 20. 0 

nme Nieree se abl ore 1 PS LSU IPC is a wb. 472.5 “tae 

100. 0 99. 5 


1 Viscous, fluid, sticky. 3% Distillate showed about one-half its volume precipitated solids when cold. 
2 Turbid. 4 Hard, brittle, dull fracture. 
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Exrreriment No. 2, Section No. 2.—REFINED TAR PREPARATION—PENETRATION 
METHOD. 


Section No. 2 was constructed in the same manner as No. 1, with 
the exception that a different tar binder was employed. This sec- 
tion begins at station 2+ 42 and is 590 feet in length. The properties 
of the tar binder, which was a refined mixture of coal tar and water- | 
gas tar, are shown in the following table. It was made to conform 
with specifications drawn up by the Office of Public Roads. 


TABLE 11.—Analysis of refined tar preparation 1 used in experiment No. 2. 


Specific gravity 25°/25° C.). cool sk ha sa Fl 2. te ee ete oe 1. 244 


Float test at'50° C.)(time).....0 od. bie os Ue pes eg oe oe 4/297 

Per cent of free carbon (insoluble in OS,, air temperature).................. 17.13 
Distillation: 

Per cent Per cent 

by volume. by weight. 

WV ERLOT Dee Oh wc ae mat wa Saree eae wisi eee ee 0.0 0.0 

First light oils 'to'110°' O72. oe I Se ee .0 .0 

Second light oils 110°=170°O.. Axion ees ed eae eee re 2 

Dead soils:170°-270°.C; +o fee ales Gee ee 3 aus 18. 8 

Piteh residue :..4%..4 5. . vant es ee 476.4 80. 4 








100. 0 99. 5 


EXPERIMENT No. 3, Section No. 3.—Or1t-ASPHALT—PENETRATION METHOD. 


Section No. 3 begins at station 8+32 and is 173 feet in length. 
It was constructed in exactly the same manner as section No. 1, 
with the exception that an oil-asphalt was used instead of tar for 
a binder. This material was shipped in 40-gallon thin sheet-iron 
containers. After the containers had been cut and stripped from. 
the oil-asphalt, it was cut with hot ax blades into pieces small enough 
to be heated suitably. The properties of the binder are given in 
the following table: 


TABLE 12.—Analysis of otl-asphalt > used in experiment No. 3. 


Specific gravity. 25°/25%C < esos. doe oes eck. La oe a 0. 998 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C.).. ........ sep 
Per cent of gain at 163° C., 5 hours (20.grams)}. ......./1.. 0 ee 
Penetration of residue © (as above)... ........2:.i5.-..-5-+0 +s ee 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha .............. 22.88 
Per cent of fixed. carbom. 2212 3.220. ac och wa ~ w «we ce 6 13. 78 








Per cent of bitumen soluble in CS,, air temperature (total bitumen). .......-. 99. 85 
Organic matter insoluble... .. 
Inorganic matter... ... 





The cost data of these experiments are given in Table 13. 





1 Very viscous, sticky. 4 Hard, fairly lustrous. 

2 Clear. 6 Semisolid, sticky. 

8 Distillate showed about two-fifths its volume 6 Slightly harder, otherwise unchanged. 
precipitated solids when cold. F 


When last inspected, on December 17, all of the sections treated . 
in these experiments appeared satisfactory in so far as the work 
itself was concerned. The weather for some time previous had 
been cold and rainy, and a considerable amount of clay had been 
tracked on the road from adjoining streets. This clay mud covered 
the surface for a depth of approximately 1 inch. » 

‘The material used in experiment No. 2, page 20, was shipped in 
two lots, one of which contained a little water because the barrels 
had been exposed to the rain. When this water was removed, the 
tar was easily handled and produced a satisfactory section. 


DUST PREVENTION AND ROAD PRESERVATION. 21 





SUMMARY OF EXPERIMENTS AT KNOXVILLE, TENN. 
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EXPERIMENT AT AMES, IOWA, 1910. 
OIL-ASPHALT-GRAVEL. 


The experiment at Ames was conducted by the Office of. Public 
Roads in -cooperation with the Iowa State highway commission. 
Early in the year it had been the intention of the commission to try 
a number of experiments in bituminous-road construction, but for 
various reasons it was finally decided to postpone this work until the 
spring of 1911. However, as one manufacturer had already donated 
a certain quantity of oil-asphalt, it was thought best to try this 
material in 1910. 

The road selected for this experiment was an old gravel road in 
the grounds of the Iowa State Agricultural College, beginning at the 
south gate. The section of this road that was resurfaced begins 
at the south gate and runs north for a distance of 300 feet. It has 
an average width of 27 feet, running from a cement curb and gutter 
on the western side to an old brick gutter with no curb on the eastern 
side. The old road was about 6 inches thick and had been regraveled 
during the spring. While well bonded during a good portion of the 
year, it became very dusty in dry weather. ‘Traffic over it is rather 
light. This section was surfaced with gravel and oil-asphalt as 
described below. 

Work was begun on September 19. Common labor for this experi- 
ment was figured at $50 per month; foreman, at $75; double teams 
and driver, at $4.50 per day; and roller, at $10 per day. The labor 
consisted of the campus force. A tar kettle holding about 10 barrels 
was loaned for this work. The gravel used was a local product cost- 
ing 25 cents per cubic yard at the pit. It was very fine, and con- 
sisted principally of stone, pea-sized and smaller, but contained . 
comparatively little clay or silt. The oil-asphalt was figured at 72 
cents per gallon at Ames. Scrap wood for heating the bitumen cost 
50 cents per load. The properties of the oil-asphalt are given in the 
following table: 


TABLE 14.—Analysis of oil-asphalt } used in experiment at Ames, Iowa. 











As) 2) Oey ee iar ar 8 ai it ain, side a's ain ne pig ag ge 0. 988 
MT (CULDG NOCNO) 2. - oo = ono a's 2 nin wicie cis oyn wine nee meg ees 83° 
Seeteiation (No.2 N, > seconds, 100'‘grams, 25° C.)....-2...-2 2 .------42---- 95° 
Sumears Or 1oed at-169° ©-; 6 hours (20 prams)... 2.5.05. eee ee ee eee 0. 08 
Seeeteataon Of resid tie!?*(as above)it... J. e2k lk el eek ee ‘i: Seer 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha................ 23. 79 
EE EMEP ATION (05) oot 5 UY aioe ko ova ooo della oo tho as bye weer le ee 15. 64 
Per cent of bitumen soluble in CS,, air temperature (total bitumen).........-- 95. 45 
SS CECT Le) aie: ce ne a ae a 433% 
ET i Tre goto? Sh. Ses atm a= os slp’ dale slnie! a! 3.0 ais Sb Rs <n = Se oe . 28 

100. 00 





1 Semisolid, short, cheesy. 2 Not much changed. 
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In this work the old road was first prepared by working it with a 
disk harrow until the surface had been loosened to a depth of approxi- 
mately 2 inches. Fresh gravel was then applied and spread with a 
road grader until the road was well shaped. The loose gravel was 
harrowed with a spring-tooth harrow until the coarsest material 
appeared on the surface, after which it was ready to receive the 
application of oil-asphalt. 

The oil-asphalt had been shipped in thin sheet-iron arate These 
were removed by rolling the drums on two pieces of iron rail over a 
small fire built in the gutter. The sheeting was first cut into strips, 
which were afterwards peeled off as the bitumen next to the metal 
melted. The oil-asphalt was then cut into pieces of suitable size by 
means of a wire, and heated in the kettle to about 300° C. It 
was applied to the prepared road surface by pouring from coal 
scuttles fitted with a strip of metal across their spouts so as to 
form a slot approximately one-half inch wide and 44 inches across. 
Application was made at the rate of approximately 14 gallons to the 
square yard. * On a part of this section the gravel was first raked 
back for a distance of 3 feet, and the hot bitumen was applied and 
then covered with the gravel which had been raked back. This 
operation was repeated a number of times. 

Shortly after application the oil-asphalt cooled in a tough, leathery 
sheet over the entire road without penetrating to any appreciable 
extent. At this point the road was thoroughly saturated with water, 
supplied from a near-by hydrant, by means of a hose. It was then 
worked for some time with a disk harrow on which the disks had 
been reversed. By this means the sheet of bitumen was first cut 
into strips and then cut and worked into the wet gravel to a consid- 
erable extent. The mixing process was hastened somewhat by run- 
ning the harrow at an angle crisscross over the surface. After as 
good a mixture as possible had thus been secured, the road was 
allowed to dry out to a considerable extent, when it was rolled with 
a 10-ton steam roller until smooth. The finished surface had a 
crown of a little over one-half inch to the foot, and when last 
inspected, on October 12, had the appearance of a rather dirty 
asphalt pavement. The bitumen was not mixed with the gravel as 
completely as might have been desired, owing largely to the hardness 
of the oil-asphalt. A somewhat lighter product could undoubtedly 
have been handled better and would have given more satisfactory 
results. The materials and cost data of Tas experiment are given 
in the following table: 
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TABLE 15.— Materials and cost data for experiment at Ames, Iowa. 


RIO One ee 22 Eos oats li ee $e bea tre. teet: 300 
IEE ee Se Ye ti. ry eZ a Ea) oe aadde - square yards.. 900 
Meer CT. SQUATO VAT ..f.. 2. eee ee oe dew ee ee ee nee cubic yard... . 053 
IMPOR RTUALG VATO > occ ke fo eo nein ee een seen’ gallons. . 1. 41 








Cost of shaping old road per square yard....................-..--- cents. - 0. 830 
Seen allline oravel per square yard...:... 22.22.20. peewee een dO ae 1. 401 
SIE IETIOY @UURTOLVALC. | ioc 5 noon vag woe nt eee needa cen do. 2s . 014 


Total cost of preparing surface per square yard.............-..-.-. dota 2. 245 


Cost of hauling oil-asphalt per square yard......................--- doses3 . 266 
Peeeornauling fuel per square yard..... 2.2... 22.22.2222 2 do 23a: . 180 
‘Cost of heating and applying oil-asphalt per square yard...........do.... 2.217 
Cost of oil-asphalt delivered at Ames per square yard............... do... ..,  HORa 
SME SOUATGO VAC0) 2, 2-0 >. Oo. ok ese tne wee doa . 167 
Cost of mrixing oil-asphalt on road per square yard.........-...-..-. dot . 748 
umrorine per square yard su. 5.00 2.16.22. ve eee ele eee eee dos . 333 
Miscellaneous expenses per square yard...................-.------- dost . 675 


aemameos, Of Ol. work per square yard....................-.-------- do:..5 Soca 
momneost of all work per square yard. ............--..:..2..--2.--- dots, Viagra 
eC HORRONE 25h. 9, ot ee Pi ts d.o his ek See $160.04 


EXPERIMENT AT BOISE, IDAHO, 1910. 
OIL-GRAVEL-MACADAM. 


The experiment at Boise, Idaho, was conducted by the Office of 
Public Roads in cooperation with the road commissioners of Ada 
County. At the request of the commissioners an engineer was sent 
to Boise for the purpose of making a survey of the proposed road and 
to draw up specifications for the work, which was afterwards begun 
under his supervision. After the work was well under way the engi- 
neer resigned and nearly five weeks elapsed before another man could 
be sent in his place. During this time no detailed cost data of the 
work had been kept, so that the following report includes only the 
work done by the second man in connection with the application of 
oil to the road. 

This road is a continuation of Ninth Street running south from the 
Boise River and ending at Morris Hill Cemetery. Its total length is 
7,262 feet, and for a distance of 5,163 feet it has a width of 16 feet, 
while for 2,099 feet the width is 20 feet. Beginning at the bridge 
which crosses the Boise River, the first 2,099 feet had been an old 
earth road composed of very fine soil, which became exceedingly 
dusty during the long dry spells that are of common occurrence in 
that locality. When work was begun on the section, the old road 
which was to serve as a subgrade was covered with dust for a depth 
of 6 inches. The subgrade should have been watered at this time 
and properly crowned, but this was not done. The No. 1 course was 
placed directly upon this dust-bed and the shoulders were nothing 
more than dust heaps. 

89047°—Cir. 94—11——-4 
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The foundation course of No.1 stone was placed loose, upon the sub- 
grade to a depth of 6 inches, filled with sand, and rolled with a 12-ton 
steam roller. This course consisted of river gravel ranging from 24 
to 14 inches in diameter, and 50 per cent of it had been crushed. 

Upon the foundation a wearing course of crushed gravel, ranging 
from 14 inches to 4 inch in diameter, was placed loose to a depth of 
21 inches. Because of a delay in shipping the oil, the gravel was rolled 
and allowed to stand for some time before the oil was applied. The 
following description covers the work and cost data for it from this 
point on in the construction of an experimental section. 

This section extends from station 51+63 north to station 68 +34, 
which is 428 feet from the bridge crossing the Boise River. It is 
1,671 feet in length and 20 feet in width, and is subjected to a con- 
siderable amount of heavy teaming traffic in addition to light horse- 
drawn and automobile traffic. Common labor was figured at $2 per 
day for this work, while the double team and driver cost $5 per day. 

The wearing surface was first prepared to receive the oil by har- 
rowing it until the coarse stone came to the surface, filling low spots 
and otherwise bringing the surface to a 4-inch crown. The oil, which 
was a heavy California residuum, shipped in a 6,500-gallon tank car 
from Port Richmond, Cal., was furnished under specifications drawn 
up by the office. It cost 2 cents per gallon f. o. b. Port Richmond, but 
the freight charges to Boise increased this cost to over 11 cents per 
gallon. Upon examination this oil showed the following properties: 


TaBLE 16.—Analysis of asphaltic oil residuum! used in experiment at Boise, Idaho. 











BDSCIHC PPAVILY 20. 420 Ce ot Mee a ee ee ee eo ee 0. 998 
Hloattestat-32°-O."(time) 23... ca os fn ee ee ea oo eae eee 6” 54” 
Per cent-of loss'at 163° 0.,5 hours (20 grams) 232-22 [Oui lie... 2 eee ie . 90 
Floxt test-on residue ? (as above)... 22 2.22122..1! ee re ee 12° tay 
Per cent of bitumen insoluble in 86° B. paraffin naphtha.................. 07 
Percent, of fixed .carbon.¢.wits. <2 oseekia ead. ose 4-28 - eae 6. 28 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen)....... 99.95 
Organic: matter insoluble..22.-...fe.%:222- eee oe se 2-2 ee . 04 
Inorganic matters. «20sec pa. teow th See Fe bee ee teed ee ee .01 
100. 00 


This oil was heated in the tank car near the road at the gas com- 
pany’s siding, by the means of steam at 60 pounds pressure. The 
car was equipped with 5 lengths of 14-inch pipe placed about one- 
fourth the way up from the bottom, which did not present sufficient 
heating surface to heat the oil satisfactorily, and a full week was 
required to empty the car, since the work was handicapped to a con- 
siderable extent by the cold weather. Because of these conditions 
it was never possible to apply the oil in as fluid a condition as desira- 
ble. The steam used for heating the oil was supplied from the boiler 





1 Viscous, sticky. 2 Very viscous, sticky; surface lustrous. 


Fit ie 
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of the gas company. Considerable time was lost in attempting to 
pump the oil from the tank car to the distributing wagon and it was 
finally emptied in this wagon by gravity, after a pit had been dug 
sufficiently deep to bring the top of the tank wagon below the bottom 
of the car. 

The distributing wagon consisted of a 500-gallon sheet-iron tank 
fitted with steam coils and mounted on a wagon body. It was fitted 
with a patented distributor which was operated by a man seated 
back of the tank. This distributor was built in three 2-foot sections 
so that the oil could be applied through a series of small holes for a 
width of either 2, 4, or 6 feet at one passage of the wagon. The dis- 
tributing pipe was so arranged that it could be raised or lowered to 
any desired height above the road surface. It was admirably de- 
signed for the application of rather light fluid oils, but was not 
strongly enough constructed to apply the oil in question. A num- 
ber of its parts were broken during operation and the work of appli- 
cation was thus delayed. 

The oil was applied to the prepared road surface by means of this 
’ distributor at a temperature of but little over 100° C. at the rate of 
1.75 gallons to the square yard. The wagon was drawn over the 
road by the steam roller. Application was not as uniform as could 
be desired because of the low temperature of the oil, a fact which 
also hindered its penetration into the wearing course. After the oil 
had been applied, sand was spread over the road surface, which was 
then rolled. As the rolling proceeded, the oil sweated to the surface 
in places and more sand was applied as occasion required. When 
finished, on October 8, the road presented a good appearance, with 
the exception of a surplus of sand. This, however, was allowed to 
remain in order to absorb the oil which it was expected would ooze 
to the surface for some time. 

The cost data for this experiment are given in the following table: 


TABLE 17.— Materials and cost data for experiment at Boise, Idaho. 


EE RS ee 2 care feet.. 1,671 
Ie gS Siciig ge oo = wee wid oe see ee =o square yards.. 3,713 
oa eae a ean i a eee cubic yard.. . 035 
RIE col 7 ID Ss Sei a ner gallons. - 175 
Cost of harrowing wearing surface per square yard......---------- cents. . 0. 20 
MR rae ee on in ew ees ee Sg OO nae 3. 50 
Cost of freight and demurrage on oil per square yard.......-------- dotvt. 15. 75 
Cost of heating and applying oil per square yard.-.....-.------------ doi: 2. 43 
Cost of sand at the road per square yard..........----------------- dG. a, 3. 50 
Cost of spreading sand per square yard..........------------------ dos: s- . 20 
Perr EDline per square yard.......-....-..--- ee -- ee eee eee Oca 3. 25 
Total cost per square yard.............-.-------seeee--2-2-- do... 28. 83 


RI LITA BOCTION oo 2c ack ao 2 eit = nyo inn nl alvin. ors ma isin olninnnee $1, 070. 46 
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CONCENTRATED WASTE SULPHITE Liquor, SEMIASPHALTIO Om 
SEO AND Ot-CEMENT-CONCRETE, 


SURFACE TREATMENT. 


The roads selected for the experiments with concentrated waste 
sulphite liquor and semiasphaltic oil emulsion are located in the 
Agricultural Department grounds, Washington, D. C. They are — 
trap-rock macadam, which was originally bound with screenings of 
soft limestone and, although subjected to only a moderate amount 
of light traffic, they became quite dusty in dry weather. The sul- 
phite liquor’and oil emulsion were used not only for the purpose of 
laying the dust, but also to act as surface binders. 


EXPERIMENT No. 1, Section No. 1.—CoNcENTRATED Waste SuLPHITeE Liquor. 


Section No. 1 connects Thirteenth and Fourteenth Streets and is 
the same section that was treated with concentrated waste sulphite 
liquor in 1909. A complete description of this experiment was pub- 
lished in Circular No. 92. At the beginning of spring the road was 
in good condition, but with this exception there was no evidence of 
previous treatment. It was decided to-continue the application of 
concentrated waste sulphite liquor to this road during the year. 
Application of the material was therefore made from time to time as 
occasion required. Upon examination this sulphite liquor showed 
the following properties: 


TABLE 17.—Analysis of concentrated waste sulphite liquor! used in experiment No. 1. 


Specific gravity 26°/20°- Cen. | isin < «ote cee sat ce «6 ons os 1. 265 
Per cent of loss at 100°.C., heated to constant weight...............205 sae 50. 25 
Per cent of total solids as residue... 23. eel este oe oe oe oe oe Se 49.75 
Per cent of ash 7. 0.5. oo ene cane eee mh © oe bee ete ne 6. 94 


Percent, of organic solids-.2s.. 22%: ic: SSteSin = 204d oh <leSe ooiw ree 42.81 


This material was pumped from the barrels in which it was shipped 
into an ordinary watering cart by means of a rotary hand pump. It 
was then diluted with water to the desired strength and applied in 
the same manner as water. Six applications were made during the 
season and by this means the road was kept practically dustless and 
in excellent condition. Before each application the road’was swept 
free from sticks, leaves, and other detritus with ordinary hand brooms. 
For this and the other surface-treatment experiments common labor 
was figured at $2 per day of 8 hours; a 300-gallon sprinkling cart, with 
one horse, at $5 per day; and a 500-gallon sprinkling cart, with two 
horses, at $7 per day. The section was 615 feet in length and 16 feet 
in width, making an area of 1,093 square yards. The materials and 
cost data for this experiment are given in Table 18, 





1 General characteristics, brown fluid, viscous, and sticky. ; 2 Light gray. 
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‘TasiE 18.— Materials and cost data for experiment No. 1—Concentrated waste sulphite 





A liquor. 
a 
g 
we) Binder | Cost data (cents per 
5, é ae tg (gallons square yard). ht 
Date of application. tion (per per ‘| (cents per 
square square 
cent). yard). Binder. Labor. yard). 
a yin spins a ozo eb b~ cbvaceeccsccccvcccces 50 0.142 1. 988 0.161 2.149 
Apr. EME fas occ anWs aes 6k oa ntioc carn casnees 50 . 103 1. 442 .120 1. 562. 
M SP ir aidis.d§ 6 sd uw bo 4a bose nd ove nncerees 164 - 046 . 644 - 103 . 747 
EEE ee eee eee eee 25 091 1.274 «182 1. 406 
rir oa vais vn civsc cles cceearceccevce: 334 123 1.700 202 1.924 
NIM Ga Wiis Voie v wes cececccsecseccccsconces 334 165 2. 310 265 2. 575 
i SE Se 670 9. 38 98 10. 36 


Total cost of entire treatment, $113.23. 


EXPERIMENT No. 2, Section No. 2.—SEMIASPHALTIC Ort EMULSION. 


Section No. 2 is an extension of section No. 1, and connects Thir- 
- teenth and Twelfth Streets. It is 398.7 feet in length by 16.1 feet in 
_ width and has an area of 713 square yards. The condition of this road 
before treatment was not quite as satisfactory as that of section No. 1. 
The emulsion used in this experiment had been purchased the previous 
autumn and during the winter had been stored out of doors. During 
this time a certain amount of separation of the oil from the emulsifying 
agents had taken place in each barrel and it was found impossible to 
emulsify this separated oil, which floated to the top of the mixture in 
_ the sprinkling cart. This oil caused considerable trouble by clogging 
the sprinkler and, when applied to the road, produced soft, sticky 
places, which had to be sanded. In order to avoid this trouble, the 
watering cart was never completely emptied’ on the road, but the 
separated oil was run off on a vacant lot. Notwithstanding this 
trouble, the material as applied proved to be quite satisfactory and 
would undoubtedly have shown up to better advantage had it been 
used before the separation had taken place. 

Because of the separation a fair sample of the original material 
could not be obtained for examination. The following analysis, how- 
_ ever, shows the material which was actually applied to the road after 
_ the separated oil had been removed, but before water had been added: 


TapiE 19.—Analysis of semiasphaltic oil emulsion ' used in experiment No. 2. 


Specific PPEMIEY 259/209 CO. . os a.- dene seen ec en eee rc ener eer rece reer ecee 0.962 
Per cent of loss at 100° C., 5 hours ? (20 grams)....------------++----+++--77- 19. 94 


Examination of residue: . 
Per cent of organic matter soluble in CS,, but insoluble in 86° B. paraffin 


ele aie scapes cov neveecenetoe ses ovens wows 11. 83 
Perwont of fixed carbon......-.2.-2--- cece cence cece ences erererenee 4,28 
Per cent of material soluble in CS,, air temperature...------------------ 99. 08 
Organic matter insoluble........-------------ereerecctes errr . 81 
TS EIS eR eal ns ii 

100. 00 


1 Fluid, sticky; piney odor. 2 Semisolid, sticky. 


‘ 
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This material was handled and applied in the same manner as the 
concentrated waste sulphite liquor previously described. After the 
third application the road was sanded in places where the oil had 
made the surface sticky. A thin asphaltic skin was gradually formed 
over the road, which gave it the appearance of a bituminous macadam 


road with a mosaic surface. The materials and cost data for this — 


experiment are given in Table 20. 


TABLE 20.— Materials and cost data for experiment No. 2—Semiasphaltic oil emulsion. 





Cost data (cents per Total 


Binder Sand square ays 
Seok | (eallons | (oubio. | UNE 2S een 
Date of application. : per yards per 

tion (per square sauare per 
cent). foe! an ; square 

yard). yard). |Binder.} Sand. | Labor. yard) 
PDEs al sittonic'e 5 sgn an sy Hea aie ad aie 20 050540 sspears 0.700. |e ee 0.161 0. 917 
Dis Greek. os ts2gas. ee eee ee ee 20 0460 | |o  epe 5 cl eer eae. Sts 1 764 
PA Deal Oe erin inne conan oe ee ea 162 0300 0. 0005 420 0.05 101 571 
May 20 secehe ls sh izsti cages ees 83 Ee ee ays os 2 bao wpheeee 103 275 
ING 129 cent recite oe tee eee eee 11 240 eee aes S16. |zeeee see 132 447 
TVR PAs Bee Oe ee are ee Bra Scie eee oes 11 0222) 2221s ae S11 |i cues 202 513 
Totals eter tc ea scmssei eerste feels. seer e ee 187 . 0005 2.62 05 82 3.49 





Total cost of entire treatment, $24.88. 


EXPERIMENT No. 3, Section No. 3.—SEMIASPHALTIC Ort EMULSION. 


Section No. 3 adjoins section No. 2 and runs south almost parallel 
to Twelfth Street. It is 750 feet in length, 15.7 feet in width, and 
has an area of 1,310 square yards. It was not in as good condition 
before treatment as section No. 2, because the surface was raveled 
in places and the coarse stone of the foundation was showing through. 
This road should have been reconstructed, but as no money was 
available for the purpose, it was decided to try to hold it together 
until the following year with surface applications of the same oil 
emulsion as used in experiment No. 2. The emulsion was applied 
to the surface, after it had been swept, in the same manner as de- 


scribed under experiment No. 2. The materials and cost data for 


this experiment are as follows: 


TABLE 21.— Materials and cost data for experiment No. 3—Semiasphaltic oil emulsion. 


Binder Sand Cost data (cents per | [ota] 











: square yard). 
ie Seok | (Gallons | <eubio | SUNS VNN | cea 
Date of application. tion ( per yards per |——____,, ..3 a 

per square square per 

cent). : square 

yard). yard). |Binder.| Sand. | Labor. yard) 
UM a ILS tos tae ah Pals reed Rota eed 20 050540 taaeences On7 56h eee eee 0.161 0.917 
TAT OVR Sa © er EST see Sok Eee ERD ae ae 20 mOSOOM = Sree oe 2 420 eee eee 120 540 
Jo eR Wie” urging pte pls Spoethet 9 Sip te Misaki Sips 162 . 0300 0. 0005 420 0.05 101 571 
CS eR Retaed Fie sapere are Soar Be Sa te 84 ‘OL 237} oeee renee: 172)| eee 103 275 
Plime a rene an, oe ey tit SO2205| ten wee 315)| sees 132 447 
TE Sy oe ey ae Sanne ene 11 0222 ieee acer ol 2 eae 202 513 
PEOUALS 4 2 akg Py Gat cea on ge Con Al eee yas mala -0005 | 2.39 05 82 3. 26 


Total cost of entire treatment, $42.71. 
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EXPERIMENT No. 4, Section No. 4.—SremiaspHattic Om, Emutsion. 





Section No. 4 adjoins section No. 1 and runs south almost parallel 
_ to Fourteenth Street. It is 750 feet in length, 15.8 feet in width, 
and has an area of 1,317 square yards. The material used, the 
method of treatment, and the reason for treatment were the same 
as described under experiment No. 3. This section was in even 
worse condition than section No. 3 and received one more applica- 
tion of the emulsion than the former. The materials and cost data 
for this experiment are given in Table 22. 


TABLE 22.— Materials and cost data for experiment No. 4—Lime asphaltic oil emulsion. 





























| 
: Cost data (cents per 
Strength | Pinder | Sand square yard). poe 
, Gf sake (gallons | (cubic at 
Date of application. per | yards per (cents 
tion (per per 
cent). square | square ' eaane 
yard). yard). |Binder.| Sand. | Labor. vag d) 
Sn Of a so ae Fe NS eS ete 20 050640) Seaeecsse2 Ol bbivleaieo ates 0.161 0.917 
(pe 20 ROBOOR ee sem siete YAU | aaaciteee - 120 . 540 
CR eee ko we eee ce et 162 . 0300 0.0015 420 0.15 - 510 1. 080 
ESET en en 82 S190; | teers B66 1228 22 . 103 369 
UL le 2 ees 11 IVA | Selene SUT eles ee Sees - 132 . 447 
i GL A a a a 11 ALIA Tel a>, See Sees Feo a Baa eh - 202 . 563 
Et ee cies. < clase tla. oseles git . 0296 . 0001 414 -O1 - 216 .640 
“PLL. 2 Satie Se ae es =o | ee soil . 0016 2.95 .16 1.45 4.56 


Total cost of entire treatment, $60.06. 


EXPERIMENT No. 5, Section No. 5.—CoNCENTRATED WASTE SULPHITE LIQUOR AND 
SEMIASPHALTIC Orn EMULSION. 


if: Section No. 5 is a short stretch of macadam road constructed in 
— 1909. It lies between the two wings of the new department building 
and connects an asphalt pavement in the department grounds. with 
B Street SW. It is subjected to heavier teaming traffic than any of 
the other sections. Both the concentrated waste sulphite liquor and 
the oil emulsion previously described were used in the surface treat- 
ment of this road, as shown in Table 23. This section is 192 feet long. 
For a length of 177 feet it is 18 feet wide, while for the remaining 
15 feet it narrows to 11 feet. Its total area is 372 square yards. 


TABLE 23.1— Materials and cost data for experiment No. 5—Concentrated waste sulphite 
liquor and semiasphaltic oil emulsion. 





























Sulphite | Emul- Cost data (cents per | Total 
Strength | liquor ee square yard). pot 
soy tee of solu- allons | (gallons i ape (COLES 
Date of application. bane per (g per 8 bee gules) he see 
cent). square square | phite | “cion. | Labor. | square 
yard). yard). | liquor. nes yard). 
Ee a 50 ONLOG tae ae T4801... o ieee 0. 161 1. 645 
OU ds a Sods 50 . 139 0. 067 1.946 | 0.938 . 120 3. 004 
2, Sh nti i ao ie a ae 21 . 045 022 . 630 . 308 . 103 1.041 
PERE eee c= ac cc te cc eeece VU teen Wes tie a ET TD | meee 1 SiGe ere loe 2. 008 
es Ee ee Pie | ae as ares BO5ST lasemeries . 798 . 202 1. 000 
oo Tolan Be er CP eseree este ROS ec eeee . 420 -215 . 635 
TLONIGIE 3 35) 2) ON a ee eee ane 290 .310 | 4.06 4. 34 . 93 9. 33 


Total cost of entire treatment, $34.71. 

















1 In both the second and third applications the sulphite liquor and emulsion were mixed together, and 
this mixture was made up to the strength of the solution as indicated. : 
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ExperIMENT No. 6, Section No. 6.—CONCENTRATED WASTE SULPHITE LIQUOR AND | 


SEMIASPHALTIC Orn EMULSION. 


Section No. 6 is a short stretch of macadam road constructed at 
the same time as section No. 5 in 1909. It constitutes a horseshoe 
approach leading from Twelfth Street to the east wing of the new 


Department of Agriculture Building. It is 255 feet long, and for a i } 


length of 212 feet it is 12 feet wide, while for the remaining 43 feet 


it is only 8 feet wide. Its total area is 321 square yards. This sec-° | 


tion was not subjected to enough traffic to keep it in good condition 
and in places the surface was loose and raveled. With the exception 
of the addition of some stone screenings, this section was treated in 
a manner quite similar to the treatment of section No. 5. The ma- 
terials and cost data for this work are as follows: 


TABLE 24.— Materials and cost data for experiment No. 6—Concentrated waste sulphite 
liquor and semiasphaliic oil emulsion. 


Cost data (cents per square 
yard). 


Sulphite | Emul- | S@een- Total 
Strength | liquor sion ( cub x cost 
Date of applica- | of solu- | (gallons | (gallons aside (cents 
tion. tion (per per per ee ie Ba. | eae per 
cent). square | square : mul- | Sereen- square 
yard). | yard). Soe i ance sion. | ings. | /®P0F-| yard) 
4 Pee 50 200 Ni soc et weten ee aeme 2.800]... 20-0 oe 0. 161 2. 961 
Jy oh orn eee 50 . 081 OFOS9R Soe ee 15134.) 0.546 |e eee . 120 1. 800 
Apr. Lise: 50 50 ee 0. 003 OOS 4) Seeger 0. 350 . 508 2. 426 
May 20... 21 045 O22 "(228 es eee . 630 3083) seeecee . 103 1.041 
June 29... 25 1007 Tees aoe. | Chee eee 1400 |. 5. 2 | eee . 132 1. 532 
ie ah hos boa 333 176d een beet tees 2. 464'|... eee .202 | 2.666 
ett as oh 333 LAS ey Neti ge oes abe 2 14910) .265 | 2.407 
MOtal: Perch on le Sos ae eee 867 061 603 12.14 85 35 1. 49 14. 83 


Total cost of entire treatment, $47.60. 


EXPERIMENT No. 7, Section No. 7.—CONCENTRATED WASTE SULPHITE LIQUOR AND 
SEMIASPHALTIC Ort EMULSION. 


Section No. 7 is a horseshoe approach leading from Fourteenth — 
Street to the west wing of the new Department of Agriculture Build- 
ing. It corresponds in every way to section No. 6, but its surface 
was not quite so badly raveled and did not require screenings. It 
was treated in a manner quite similar to the treatment of section 
No.6. This section is 352 feet in length and 11.8 feet in width, and 
has an area of 462 square yards. The materials and cost data for 
this experiment are given in Table 25. 


| 
| 





nell 
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TABLE 25:— Materials and cost data for experiment No. 7—Concentrated waste sulphite 
liquor and semiasphaltic oil emulsion. 























Sulphite Cost data (cents per Total 
Strength | liquor alien square yard). cost 

Date of application. ¥ ns Seer per) | —— —————-— aly 
(percent).| square | S4@%° | guiphite | Emul- square 

yard). yard). liquor. sion. Labor. yard). 
GE ee 50 O8200 ee eee Ze BOOE | espe sere 0. 161 2. 961 
SE 50 . 056 0. 027 . 784 0. 378 . 120 1. 282 
a Se en 21 . 045 . 022 . 630 . 308 . 103 1. 041 
Sa a i el A 25 LOOP EAeerenecncc ee Ly 400} eee . 132 1. 532 
ee ae 334 SAW CG ae nen ee 2 404 eee . 202 2. 666 
wo cca wiecuceccce 334 OSs | Paes ee 2. 1427 S5 eee . 265 2. 407 

TAGS s a eee » RASS RAR ee SEBS a ahaa Ai . 730 . 049 10. 22 . 69 . 98 11. 89 





Total cost of entire treatment, $54.93. 


SuMMARY OF EXPERIMENTS IN SURFACE TREATMENT AT WASHINGTON, D. C. 


In comparing the results so far obtained from the preceding seven 
experiments it is, of course, necessary to take into consideration the 
condition of the road before treatment. When last inspected, on 
January 28, 1910, section No. 1, treated with the sulphite liquor, was 
in the best condition, but it should be remarked that this section was 
also in the best condition before treatment. In dry weather it pre- 
sents a smooth, hard, well-bonded surface, which softens somewhat 
in wet weather, but never becomes actually muddy. Section No. 2, 
treated with the emulsion, was also in very fair condition when last 
inspected. In dry weather it presents a mosaic asphalt-like surface, 
which becomes slightly muddy under horse-drawn traffic in wet 
weather. For the amount used, the emulsion has so far produced 
very satisfactory results on sections 3 and 4, although neither of 
these sections is in what would be called excellent condition. Indi- 
cations point, however, to the fact that the treatment which they 


have received will keep them in shape until they can be resurfaced. 


The mixture of sulphite liquor and emulsion used on sections Nos, 
5,6, and 7 did not prove quite as satisfactory as either material used 
alone, for it was found that the emulsion would, to a considerable 
extent, waterproof the road surface and prevent proper absorption 
of the sulphite liquor in later treatments. 


OIL-CEMENT-CONCRETE EXPERIMENTS. 


During the month of June, 1910, the Office of Public Roads, in 
cooperation with the District of Columbia, conducted a series of 
experiments on Meridian Place to determine the value of oil-cement- 
concrete as a road surface. Certain laboratory investigations had 
indicated that a mixture of Portland cement-concrete with residual 
petroleums might possibly be suitable for this purpose, and the 
following experiments were therefore made for the purpose of trying 
such mixtures in a thoroughly practical manner. 

The part of the street selected for this work runs from Center Street 
east toward Fourteenth Street, a distance of 356.1 feet. It is 19.5 
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feet between gutters. The soil forming the subgrade is a coarse 
gravelly red clay, which after a rain becomes sticky on the surface, 
but remains firm below. The grade here is light and slopes toward 
the west. The north curb is 6 inches lower than the south curb, 
because of the fact that the District constructs its cross streets on 
the same grade as the main streets running north and south. Merid- 
ian Place is subjected to light traffic consisting of delivery wagons 
and pleasure vehicles. When the Office of Public Roads assumed 
supervision of the work, all grading had been completed and the 
curbs and gutters were in place. The cost data given in this report, 
therefore, include the cost only from this point on. 

The foundation of the road was constructed in two courses, the 
first of which consisted of from 4-inch to 14-inch broken stone 
placed to a depth of 5 inches loose upon the prepared subgrade. 
After this course had been rolled until firm with a 12-ton 3-wheel 
roller, screenings ranging from one-half inch to dust were applied, 
and the surface finished as in ordinary macadam road work. This ~ 
method of construction was followed in the preparation of the 
foundation for all of the experiments. 

Common labor for this work cost $1.50 per 8-hour day; foreman, 
$4; double teams, $4; a 5-ton tandem roller, $8; the 3-wheel roller, 
$12; and a “bug” concrete mixer, $4 per day. Stone and sand cost 
$2.50 per cubic yard delivered on the work. The oils and cement 
were donated, but their cost, including freight, is given in the cost 
data. The following experiments are given in the order in which they 
were conducted, while the corresponding sections are numbered con- 
secutively from station 0 at Center Street running east. 


EXPERIMENT No. 1, Section No. 7.—F.Luip RESIDUAL PETROLEUM. 


Section No. 7 extends from station 2+90.3 to station 3+ 56.1 and 
is 65.8 feet in length. 

A stiff mortar of 1 part cement to 2 parts sand was first prepared 
by hand on a mixing board, and oil to the amount of 10 per cent by 
weight of the cement was then mixed with the mortar. The result- 
ing mixture was laid over the prepared foundation to a depth of 
14 inches and immediately covered with broken stone, similar to 
that used in the foundation, to a depth of 24 inches. One side of 
the street was thus laid at a time and, when about 20 linear feet had 
been covered, an attempt was made to force the stone down into the 
mortar by rolling it with the 5-ton tandem roller. After the entire 
section had been rolled, it was found that the mortar had not been 
worked up into the voids of the stone course sufficiently. The road 
was, therefore, sprinkled and again rolled in the hope that a homo- 
geneous mixture might thus be made. As this did not give the 
desired results, it was decided to grout the surface. A thin mortar 
of the same composition as that previously described was therefore pre- 
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pared, poured over the surface, and ‘“broomed” in. This last proc- 
ess roughened up the surface somewhat, but otherwise the section 
was finished off in good condition by the application of a light coat 
of stone screenings running from one-half inch to dust. The char- 
acteristics of the oil used in this experiment are shown in Table 26, 


TABLE 26.—Analysis of petroleum residual oil used in experiment No. 1—Oil-cement- 











concrete. 
EO 200 (Oe oe ah oan Sa See wee fo wis Dae Sse Smee ve oe 0. 936 
Sueeatye at ou ©., Engler, 100‘c. c., specific....... 2... cee eee 44.1 
Dei cant Of loss at 163° C. , 5 hours ! (20 grams).. {Ue Ge Us eeree 
Per cent of bitumen tmélnble in 86° B. eeettin rephithad BB eS ee 1. 99 
eumneeaarhony. F._422- foieoeisdlers. coo Iy.ee: ake ob Aliant 3. 40 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen). ....... 99. 92 | 
ESC 0 Co GR Bs Oe ee . 06 
ee Se ee ne Sahel ok 203 ghnend B04 Ww . 02 
100. 00 


EXPERIMENT No. 2, Section No. 6.—F.iuiw ResipuaL PETROLEUM. 


This section extends from station 2+66 to station 2+90.3 and is 
24.3 feet in length. The concrete aggregate for this experiment was 
composed of a 14: 2:4 mixture of cement, sand, and broken stone. 
The same oil as described in experiment No. 1 was added to the 
extent of 10 per cent by weight of the cement, after a mortar of the 
cement and sand had been prepared and before the broken stone was 
mixed in. Thestone in this and the following experiments consisted 
of crushed trap ranging from 14 inches to one-half inch in diameter. 

The mixture was laid to a depth of 24 inches over the prepared 
foundation and tamped until the mortar flushed to the surface and 
filled all voids. The resulting surface was not troweled, but was 
purposely left somewhat rough. While rolling an adjoining section 
the next day, the roller was run over this surface, causing slight 
cracks to develop in places. When last inspected, on January 31, 
however, no evidence of these cracks could be found. 


EXPERIMENT No. 3, Section No. 5.~-Fiurp Restpuau PETROLEUM. 


Section No. 5 extends from station 2+ 21 to station 2+ 66 and is 
45 feet in length. In this and the following experiments the concrete 
was first prepared in a ‘‘bug” mixer. The sand or stone screenings, 
or both, as the case might be, were first placed in the mixer and the 
mixer was then driven to the stone pile, so that the cement and fine 
aggregate were mixed dry. Here the proper proportions of broken 
stone, water, and oil were added and, after the machine had been 
driven about 500 feet, the concrete was dumped upon a board. As it 
was not thoroughly mixed, it was then turned twice by hand before 





1 Fluid, very slightly sticky; too soft for consistency test. 


= 
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shoveling it upon the road. After it had been placed in position, it 
was raked with the back of steel rakes to the desired grade and crown. 

In this experiment the same oil as described in experiment No. 1 
was used to the extent of 10 per cent by weight of the cement, and 
an attempt was made to use stone screenings in place of sand. The 
first batch was composed of cement, stone screenings, and broken 
trap rock, in the proportions 14:2:4. As the voids of this mixture 
were not well filled, the proportions were changed to 14 : 3 : 4 for the 
remainder of this section. Tamping failed to bring the mortar 
uniformly to the surface, and so the section was rolled with this 
object in view. As this did not produce the desired result, a cement 
grout similar to that used in experiment No. 1 was poured over the 
first 20 feet of this section adjoining section 6 and ‘‘broomed” in. The 


remaining 25 feet of the section were thoroughly tamped and troweled  — 


off with the back of a shovel. 


EXPERIMENT No. 4, Section No. 4.—Fiuip RrEsmpuaL P£TROLEUM. 


Section No. 4 extends from station 1+84 to station 2+21landis 37 


feet in length. As the screenings used in experiment No. 3 did not 
produce as dense an aggregate as desirable, it was thought well to 
replace a part of them with sand. The proportion of 14:1 :2: 4 of 
cement, sand, screenings, and broken stone was then decided upon for 
this experiment. This aggregate was also used in the three succeed- 
ing experiments. The same oil as described in experiment No. 1 was 
used in this experiment to the extent of 15 per cent by weight of 
the cement. The concrete was laid and tamped in the manner pre- 
viously described and finished off with the back of a shovel. 


EXPERIMENT No. 5, Section No. 3.—Cut-BaAcK PETROLEUM RESIDUE. 


Section No. 3 extends from station 1+16 to station 1+84 and is 
68 feet in length. This experiment was identical in every respect 
with experiment No. 4, except that a different oil product was used 
to the extent of 15 per cent by weight of the cement. The properties 
of this oil are given in Table 27. 

TABLE 27.—Analysis of cut-back petroleum residue} used in experiment No. 5.—Oil- 
cement-concrete. , 
Specific eravity.250/25°.0 chs ack UB e e ek oe 0. 962 


Flash point °C., open-cup method..................-- Sais = s\n a Sn 35° 
Burning point’ °C., open-cup method... 0/20. 22m... 2. ce se 170° 
Per cent of loss' at 163° C., 6 hours (20 grams) ©... 12.2) 52:25. 22002 13. 23 
Penetration of residue ? (No. 2 N, 5 seconds, 100 grams, 25° C.)............. 116° 
Per cent of bitumen insoluble in 86° B. paraffin naphtha................... 18. 16 
Per cent. of. fixed icarbon.. .£).4..0 28>. bcaush eh eee ie 8. 90 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)... .... 99. 85 
Organic matter insoluble:t .b.sicviek “seh cave <A 345k eee ee .12 
Inorganic matter. sc e-oc sip emticinn tog oo orca pe citeeeee Pats} 

100. 00 


1 Viscous, fluid, sticky; too soft for penetration determination. 2 Semisolid, sticky. 
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After laying, no difference between this section and section No. 4 
could be noticed, except that the surface of the latter was slightly 
lighter in color. 


EXPERIMENT No. 6, Section No. 2.—Cut-Back PETROLEUM RESIDUE. 


Section No. 2 extends from station 0+43.6 to station 1+16 and is 
72.4 feet in length. This experiment is identical with experiment No. 
5, with the exception that the cut-back oil was used to the extent of 
10 per cent by weight of the cement instead of 15 per cent. 


EXPERIMENT No. 7, Section No. 1.—Puarin CEMENT-CONCRETE. 


Section No. 1 extends from station 0+4.2 to station 0+43.6 and 
is 39.4 feet in length. In this experiment the cement-concrete was 
prepared and laid in exactly the same manner as sections Nos. 3, 4, 
5, and 6, except that no oil was used in the mixture. This was done 
for the purpose of comparing ordinary Portland cement-concrete 
with the oil-cement-concretes. 


SUMMARY OF EXPERIMENTS WITH O1L-CEMENT-CONCRETE. 


In the work described it was found that the concrete could be 
handled best when made sufficiently wet for the mortar to flush to 
the surface upon tamping, but not so wet that it would not hold its 
shape after being tamped. The best surface finish was obtained by 
troweling the wet concrete with the back of a flat No. 2 shovel until 
smooth and uniform. 

All of the sections were closed to traffic for at least seven days after 
being laid and they were sprinkled with water daily during this time. 
A thin layer of sand was spread over the surface from station 0 + 4.2 
to station 2+40 and a thin layer of stone screenings ranging from 
one-half inch to dust was spread from station 2+40 to station 3 +56. 

When last inspected, on January 31, all of these sections were in 
excellent condition, although the street was covered with a light coat 
of mud brought in from other roads. No important difference 
between the sections could be seen at that time and a considerable 
period of time will probably be required to determine what practical 
differences if any do exist. . The materials and cost data for these 
experiments are given in Table 28, 
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_ EXPERIMENTS AT NEW YORK, N. Y., 1910. 


OIL-CEMENT-CONCRETE. 





The experiments at New York City were conducted by the Office 
_ of Public Roads during the months of May and June, in cooperation 
_ with the Bureau of Engineering and Construction of fie Borough of 
_ Richmond, New York City, for the purpose of ascertaining the value 
of oil-cement-concrete as a road material. 
The road selected was that part of Innis Street at Elm Park Sta- 


_ tion, Staten Island, running east from Morning Star Road to John 


_ Street. This street is subjected to medium traffic, consisting of 
_ drays, delivery wagons, and automobiles. The oils for these experi- 
ments were donated by two oil companies, and the cement was fur- 
nished by four manufacturers through the Association of American 
Portland Cement Manufacturers. The Borough of Richmond, New 
York City, furnished labor, sand, and stone, while the Office of Public 
Roads paid the freight on both the oil and cement, and furnished 
supervision of the work. 

The foundation for the wearing course of oil-cement-concrete was 
prepared by first picking and leveling the rough places of the old 


- macadam surface. The old cobblestones were removed from the 





gutters and, after the curbing had been cut and reset in concrete, 
the gutters were relaid with oil-cement-concrete, leveled, and tamped 
solid. The old material was allowed to conform to the original sur- 
face, and no attempt was made to obtain a uniform crown in the 
foundation. The concrete surface was laid upon the foundation as 
nearly as possible 4 inches deep, but, owing to unevenness in the 
foundation and to the fact that the concrete was placed somewhat 
deeper in the gutters, it probably averaged about 43 inches in thick- 
ness over the entire roadway, which was 32 feet wide between gutters. 

A mixer of the old Smith type, driven by a small steam engine, 
was used in mixing the concrete. The desired mixture was obtained 
by placing the sand and cement in the machine and adding enough 
_ water to form a thin mortar. A bucket of oil was then added alter- 

nately with a barrow of stone, until sufficient oil for the batch had 
been consumed. The remainder of the stone was then added. As 
the mixer did not satisfactorily mix this last addition of stone with 
the mortar, a barrow of sand, cement, and oil matrix was taken from 
the front part of the Perini and dumped into the batch again, and 
the mixing process was then continued. When thoroughly mixed, 
the concrete was dumped on a board, shoveled into barrows, and 
wheeled to the road. It was found that, as far as the mixture was 
concerned, it made no difference in what manner the material entered 
the machine, and the foregoing method was adopted as the quickest 
way of mixing a batch. 


40 DUST PREVENTION AND ROAD PRESERVATION. 


Each batch consisted of 1 barrel of cement, 8 cubic feet of sand, — 
16 cubic feet of crushed stone ranging from 14 inches to ? inch in ~ 
diameter, together with the proper amount of oil. The concrete was — 
tried both wet and comparatively dry. It was found that a dry 
mixture was difficult to tamp in such a way as to flush the voids full 
of mortar. On the other hand, if very wet, it would not hold its 
shape and, upon drying out, the formation of hair cracks could be 
noticed. The best results were obtained by’ adding as much water 
as the concrete could contain without losing its shape when placed 
upon the road. The road was closed to traffic for seven days after 
completion. . 

For this work common labor cost $1.85 per 9-hour day; superintend- 
ent-foreman, $6; double teams, $4 per day; and the concrete mixer, 
$35 per week. Sand cost $1.15 per cubic yard delivered at the mixer, 
and broken stone $1.50 per cubic yard. Although the cement was 
donated, a cost of $1.32 per barrel delivered at the mixer is included 
in the cost data. t 


EXPERIMENT No. 1, Section-No. 1.—F.Luip RESIDUAL PETROLEUM. 


Section No. 1 begins at Morning Star Road station 0 and runs east 
for a distance of 163 feet. In this experiment a fluid residual petro- 
~leum, similar to that employed in the experiments at Washington, 
D. C., was used to the extent of 15 per cent by weight of the cement. 
The mixture was spread with the back of a steel rake and tamped 
until the mortar flushed to the surface. The surface was not troweled, 
but was purposely left rather rough. Each morning the work of the 
preceding day was covered with about one-half inch of loose sand 
and was wetted down in order to keep the concrete moist. 


The properties of the oil used in this experiment are given in 
Table 29. 


TABLE 29.—Analysis of petroleum residual oil used in experiment No. 1. 











Specific gravity 25°/25° 0. Be ee? Ge ee Eee ey 0. 936 
Viscosity at 50° C., Engler, 100 c. c., specific........-. wit: Looe 45.1 
Per cent of loss at 163° C., 5 hours! (20 grams)... .. pi wiae ell eee . 87 
Per cent of bitumen insoluble in 86° B. paraffin naphtha-................ 1.99 
Per cent of fixed Carbon .. .22 63:05 oc ah clecis pin ne se = oe = c e 2. 85 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen)....... 99. 90 
Organic matter insoluble. 2506.2 tc 22 singe cnn Sees Sen a ee . 08 
dnorganic matter. - 22:5. 2 ti aw areig eh ve cman e cea as cease et Tie ee ee . 02° 
100. 00 


EXPERIMENT No. 2, Section No. 2.—Fiurp Resipvat PETROLEUM, 


Section No. 2 extends from station 1+63 to station 2440, a dis- 
tance of 77 feet. This experiment was identical with experiment — 
No. 1,except that another brand of Portland cement was used and that 





1 Fluid, very slightly sticky; too soft for consistency test. 
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_ the fluid residual petroleum was added to the extent of 10 per cent 
by weight of the cement. The only difference noted between this 
section and section No. 1 was that the concrete seemed to set some- 
what faster in the former. 


EXPERIMENT No. 3, Section No. 3.—Cur-Back PETROLEUM RESIDUE. 


Section No. 3 extends east from station 2440 to station 3 +40.5, 
a distance of 100.5 feet. In this experiment still another brand of 
Portland cement was used and a cut-back petroleum residuum was 
added to the extent of 18? per cent by weight of the cement. The 
first 40 feet of this section were laid in exactly the same manner as 
previously described, but the remainder did not receive the sand 
covering. For the last 20 feet the concrete was made very wet, 
lightly tamped, troweled with the back of a shovel, and floated with 
a straight edge from crown to curb. After a few days a number of 
hair cracks were noticed in the last 20 feet. The concrete “set up” 
slowly as compared with the two preceding sections. 

The properties of the oil used in this experiment are shown in 


Table 30. 


TABLE 30.—Analysis of cut-back petroleum residue! used in experiment No. 6. 











EEIEL O20 TG Ste LG. S290. Seed. peel al) lee) 0. 957 
SMe, ODCTN-CUD- Method 2. 404... sess od wine es ees Se eee wel a eee 34° 
emo... Open-cup method........0.... 2. ----- se ee eee nee 149° 
meager at 163. C.. > hours (20 prams)... . 2... coe eee eee ete tees 15, 23 
Penetration of residue ? (No. 2 N, 5 seconds, 100 grams, 25° C.).....-......---- TPL 
Per cent of bitumen insoluble in 86° B. paraffin naphtha...............-.----- 17. 44 
TERE OIC, PP) fo. 802 S18 ee ie. Se ete. 2 ee 8. 20 
Per cent of bitumen soluble in CS,, air temperature (total bitumen).........-- 99. 84 
Sepmmre miter Insoluble ies ee ee ee Rd eet ae ee ee 09 
ET DR SE Se Ae ns en nT i ee 07 
100. 00 


EXPERIMENT No. 4, Section No. 4.—Cut-Back PETROLEUM RESIDUE. 


Section No. 4 extends from station 3 +40.5 to station 4 +44, a dis- 
tance of 103.5 feet. In this experiment a fourth brand of Portland 
cement was used with the cut-back oil to the extent of 18} per cent 
by weight. The work was quite similar to that described in experi- 
‘ment No. 3. Where the mixture was made wet and finished as in 
the latter part of section No.3, cracks developed as before. One of 
these cracks extended across the entire width of the road at station 
3+55. When this was noticed, the mixture for the last 15 feet of 
this section was made less wet and tamped hard before troweling it. 
Even under these conditions 2 short cracks about 3 feet in length 

developed. Only. the first 10 feet of this section were covered with 
sand. : 





1 Viscous, fluid, sticky; too soft for penetration determination. 2Semisolid, sticky. 
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SumMARY or ExpERIMENTS at NEw York, Neve 


When last inspected, on January 21, the oil-cement-concrete work 
at New York did not appear as satisfactory as that done at Wash- 
ington. The division line between each day’s work was plainly 
apparent, and the entire surface was rather rough and uneven. 
Inspection was made shortly after a rain and the road appeared in 
somewhat better condition than when previously inspected during 
dry weather in October. Sections Nos. 1 and 2 were in better con- 
dition than the other two. On section No. 1 a crack, evidently due 
to a poor joint between two days’ work, was noticed extending 
across the road at station 1+20. From station 1+48 to station 
1+52 a number of cup-shaped depressions were noted, although the 
concrete at these places appeared sound. At station 1+52 another 
crack had developed across the road, but from this point on for a: 
distance of 60 feet the surface was in excellent condition. 

At station 1+63 no change in the surface was noted where section 
No. 2 begins. At station 2+18 a crack had formed across the road, 
but had been filled with dirt and sand so that it was hardly notice- 
able. At station 2+30 the road had been cut transversely for the 
purpose of laying a pipe, and the trench thus made had been filled 
merely with the loose material which had been taken out. From 
this cut a longitudinal crack was noticed extending to station 2 +40. 

On section No, 3 the surface from station 3 +03 to station 3 +20 was 
rather crumbly and could be dug into with a knife to some extent. 
From station 3 +20 to station 3 +40 the concrete was very crumbly, 
and in fact was scarcely better than ordinary macadam. The stone 
fragments of the concrete at this point could be readily removed 
with a pocketknife. This was the worst section of the four. 

On section No. 4 three transverse cracks filled with dirt were 
noticed between stations 3 +40.5 and 3+90. Between these stations 
the concrete was found to be rather crumbly. From station 3+90 
onward this section was in better condition, but, while the concrete 
could scarcely be called crumbly, it could be readily scratched with 
a knife. 

The materials and cost data for these experiments are given in 


Table 31. 
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EXPERIMENTS AT RIDGEWOOD, N. J., 1910. 
OIL-CEMENT-CONCRETE. 


During the months of April and May two experiments with oil- — 
cement-concrete in the construction of bridge-floor surfaces were | 
conducted at Ridgewood, N. J., in cooperation with the county high- | 
way engineer of Bergen County. These were the first practical — 
experiments. with oil-cement-concrete made by ‘the office, and were 
quite similar to those conducted at New York and Washington, D. C., 
which have already been described in this circular. 


In both of these experiments the old wooden bridge floors were 


replaced with Portland cement-concrete laid on iron sheathing and 
reinforced with ‘‘chicken wire.’ The concrete was laid 64 inches 
thick at the center and tapered to 44 inches at the sides, giving an 
average thickness of 54 inches. Only the upper layer of from 14 to 2 
inches of this concrete contained oil. 

For this work common labor cost $2.25 per 9-hour day, and fore- 
man. $6 per day. Cement cost 37 cents per bag, sand 80 cents per > 
cubic yard, and crushed stone $2.50 per cubic yard, delivered on the 


work. 
EXPERIMENT No. 1.—FLurip REsIpUAL PETROLEUM. 


The bridge on which this experiment was tried is on Paramus Road, | 


crossing Saddle River. It is 37 feet in length and 19 feet in width, 
with a floor surface of 75 square yards. 


The oil-cement-concrete surface was placed continuously with the | 
rest of the concrete in the following manner: After a few batches of 


the ordinary concrete had been laid and tamped, and while it was 
still wet, a batch of the oil-cement-concrete was prepared and placed 
upon the surface to a depth of from’'14 to 2 inches. It was then 


tamped until the mortar flushed to the surface. By this means the | : 


two layers set together in a single course. 

The oil-cement-concrete was mixed by hand upon a mixing board 
and shoveled into place. It was composed of Portland cement, bank 
sand, and crushed trap rock, ranging from three-fourths inch to one- 
fourth inch in diameter in the proportion of 1:2:4. The sand and 
cement were first mixed into a stiff mortar, to which was added a 
fluid residual petroleum to the extent of 15 per cent by weight of the 
cement. The stone was next added and mixed in. After the con- 
crete had been placed and tamped, one-half of the surface was covered 
with a thin coating of sand and one-half with stone screenings. The 
bridge was closed to traffic for 10 days and during that time the sur- 
face was kept damp by sprinkling it each day with water. After the 
concrete had set, it was given a light surface treatment of the same 
oil at the rate of one-eighth gallon per square yard and sufficient sand 
was applied to take up any excess of oil. 
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The properties of the oil used in this experiment are given in 
Table 32. 


TABLE 32.—Analysis of petroleum residual oil used in experiment No. 1. 


Specific gravity 25°/25° C 


Fees ROE fee ONE Qian Pere BEER ghee 0. 937 
Seeaeroat. oo .C., neler, 100 c.c., specific...........- 22... ecw cee cecce 41.1 
Seer OF loss at 163° C., 5 hours! (20 grams).............--.2 2-22 ce cece cee 1.10 
Per cent of bitumen qrisolable's in 86° Dt paratiin naphtha.) 72) SS ee 2.16 

See CATON. 9265059. - 22. 20a kot 3. 40 
Per cent of bitumen soluble in C§,, air temperature (total bitumen). ....... 99. 94 
IL ES 2 al . 03 
Re tie teeta tt. Oia). GbE nT LL A. RT 03 

, 100. 00 


EXPERIMENT No. 2.—Cut-BAcK PETROLEUM RESIDUE. 


The bridge on which this experiment was tried is on Harrison 
Avenue crossing Hohokus River. It is 25 feet in length and 37 feet 


- in width, with a floor surface of 103 square yards. 


This experiment was practically identical with experiment No. 1, 


_ with the exception that in place of the fluid residual petroleum a cut- 


back petroleum residue was used to the extent of 18 per cent by 
weight of the cement. 


The properties of this product are shown in Table 33. 


TABLE 33.—Analysis of cut-back petroleum residue? used in experiment No. 2. 


IR WSR MS ecole oi ine o's So ee oe ee lee eles tae 0. 962 
moe or lone at 165° °C., 5 hours (20 grams)..............-.-.----- ss. ces 13. 38 
Penetration of residue* (No. 2 N, 5 seconds, 100 grams, 25° C.) .........---- 111° 


_ Per cent of bitumen insoluble in 86° B. paraffin naphtha. ...............--- 18. 05 


Per cent of fixed carbon........ on ccs Be gk Sek Pe SERS le OEY PEE ot 8. 55 








Per cent of bitumen soluble in CS,, air temperature (total bitumen)........- 99. 85 
REELED ie tide) OSS, a 12 
ee iin we nec ce rede - she caseoesnew tema 03: 





100. 00 


This oil was not applied to the finished concrete surface, as in 
experiment No. 1, but later Harrison Avenue was oiled by the town 


with a light eid product and at that time the bridge sabres was 
also oiled. 
SuMMARY OF EXPERIMENTS AT RipGEWwoopD, N. J. 


When last inspected, on January 21, both of these bridge surfaces 


were in good condition. The Paramus Road Bridge showed a rather 


rough mosaic surface, free from cracks. The covering of oil, sand, 
and screenings had been largely pushed to the sides and a consider- 
able amount of mud had been deposited upon the surface by passing 





1 Fluid, very slightly sticky; too soft for consistency test. 
2 Viscous, fluid, sticky; too soft for penetration determination. 
3 Semisolid, sticky. 
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vehicles. The approach at the west end had been badly rutted by 
heavy traffic and the beginning of the concrete had spalled somewhat 
at this point because of the impact of vehicles. There was no 
evidence of cracks, but two small spots appeared rather soft 
when scratched with a knife. The Harrison Avenue Bridge was in 
excellent condition when inspected at this time. An oil-earth mat 
about three-sixteenths inch thick was evenly distributed over the 
surface and there was no evidence of cracks where this mat was 
scraped away. At these places, however, the concrete appeared 
somewhat soft under a knife. Both approaches were in excellent 
condition and no spalling was noticed at the juncture of the road and 
bridge surfaces. Apparently the traffic over this bridge is not as 
heavy as over the Paramus Road Bridge. 

It was a difficult matter to obtain the exact itemized cost data for 
these experiments because of the fact that the foundation and the 
wearing surface were laid almost simultaneously. The following 
table will, however, show the approximate cost of the wearing sur- 
face of oil-cement-concrete: 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGS- . 


TOWN, OHIO, IN 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR. PREPARA- 
TION, AND SLAG AND TAR. 


The original report of these experiments is to be found in Circular 
No. 92 of this office. Seven experiments were made with blast- 
furnace slag in road construction. Of these, three were straight 


blast-furnace slag; one blast-furnace slag bound with open-hearth |) 


slag screenings; and one each of blast-furnace slag and lime, blast- 
furnace slag and sulphite liquor preparation, and blast-furnace slag 


and refined coke-oven tar. All materials other than the blast- | 


furnace slag were used as binders for the wearing surface.. The (J 


sections were last inspected January 27, 1911, about 18 months 
after construction. The weather was rainy and during previous 
months there had been a succession of frosts and thaws. 


EXPERIMENTS Nos. 1, 2, AND 3.—BLAST-FURNACE SLAG. 


In experiment No. 1 crushed and screened blast-furnace slag 
had been laid in courses in exactly the same manner as crushed and 
screened rock for ordinary macadam construction. In experiment 
No. 2 the road consisted of a single course of crushed slag ranging 
from three-fourths inch to 34 inches in diameter, while in experi- 
ment No. 3 the foundation consisted of unscreened fragments rang- 
ing from 34 inches to dust, together with the wearing course of 
material similar to that used in experiment No. 2. When inspected 
just after a thaw, the first experiment showed to advantage in com- 
parison with the other two. The surface, while not as firmly bound 
as some of the sections in which a binder other than blast-furnace 
slag screenings had been used, was in excellent condition. In experi- 
ments Nos. 2 and 3 the center of the roadway had been quite badly 
raveled by horses’ hoofs, but little difference between the two sections 
of road was to be noticed, except that in experiment No. 2 a rather 
soft spot had developed in the center of the road at the middle of 
the section. 


EXPERIMENT No. 4.—Buast-FuRNAcE SitaAG—OpEN-HEARTH SLAG SCREENINGS, 


The section treated in this experiment was at the time of inspec- 
tion undoubtedly superior to any of the others, with the exception 
of the tar-slag section. The surface was very firmly bonded and 
could not be dug into with a knife, except in a number of small spots 
from 2 to 4 inches in diameter, where the surface was soft and pow- 
dery. These spots were scattered irregularly over the road to the 
extent of 7 or 8 to each 100 linear feet and were evidently caused 
by the presence of a few soft, crumbly fragments of blast-furnace 
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‘slag. With this exception the entire surface appeared almost as 
‘solid as Portland cement-concrete. On one side of this section, | 
about 50 feet from the northern end, the earth shoulder had settled 
and sloughed away for a distance Of about 35 feet, and the edge of 
the road at this place had been cut back by tr inte for a Aer of 
ie 6 inches. The trouble can undoubtedly be attributed to a fresh 
ni ‘fill, which was not consolidated sufficiently before the road was con- 
| "structed. This place is to be repaired by building a crushed-slag 
| 4 shoulder. 


2 ee EXPERIMENT No. 5.—Btast-FuRNAcE SLAG SCREENINGS AND LIME. 
| 


_ The section treated in this experiment was somewhat raveled 
) and scarcely better than those described under experiments Nos. 
2and3. During construction it seemed that this section would prove 
more satisfactory than any of those bound with plain blast-furnace 
_ slag screenings and during the past summer it actually proved 
| somewhat more satisfactory. The open winter, however, showed 
| experiment No. 1 up to better advantage. 


EXPERIMENT No. 6.—Buast-FurRNAcE SLAG AND WASTE SutpHite Liquor 
PREPARATION. 


- The section treated in this experiment was in good condition and 
_ showed a fairly well bonded surface. This section was in slightly 
_ better condition than that described under experiment No. 1, but 
it was not as well bonded as the section described under experiment 


No. 4. 
EXPERIMENT No. 7.—BuaAst-FURNACE SLAG AND REFINED COKE-OVEN TAR. 


The section treated in this experiment showed up to better advan- 
tage than any of the others at the time of inspection. The surface 
was perfectly bonded and presented a rather mosaic appearance. 
Although the road at this point had been constructed on a fresh fill 
which had settled somewhat since, the tar slag surface showed no 
evidence of having cracked when adjusting itself to this settlement. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT ITHACA, 
N. Y¥., IN 1909. 


TAR, OIL, ARTIFICIAL ASPHALT PREPARATIONS, ROCK ASPHALT, BRICK, 
CEMENT AND SLAG. 


A full report of these experiments is to be found in Circular No. 
92 of this office. In the following report of an inspection made on 
November 2, 1910, no description of the work will be included, 
and for such information reference should be made to the above- 
mentioned circular. 
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EXPERIMENT No. 1.—ReEFINED Coat TAR—PENETRATION METHOD. 


When last inspected this section was in excellent condition and | 
showed a smooth, well-bonded surface. | 


EXPERIMENT No. 2.—REFINED CoALt TAR—M1x1nG METHOD. 


This section showed a mosaic surface not quite as smooth as — 
experiment No. 1, but evidently less slippery. Hight small pot | 
holes ranging from 8 inches to 2 feet in diameter had developed 
since construction, owing probably to segregation of the aggregate 
during the mixing process. One of these holes was located at station 
3+05, one at station 3+50, two at station 3463, three at station 
3+70, and one at station 3+72. During the fall of the year these 
holes had been cut out for a depth of 2 inches with vertical sides, 
and all loose material had been removed. They were then painted 
with the hot tar, refilled with a mixed tar aggregate, tamped, painted 
again with tar, and finished off with a dressing of stone chips. The 
total cost of this work amounted to 0.026 cent per square yard for 
the section. 


EXPERIMENT No. 3.—ARrtTIFICIAL O1r-ASPHALT—MIxING METHOD. 


This section was in excellent condition. The grade is, however, 
too low where it adjoins the brick section and should be raised. 
This will probably be done during the present year. 


EXPERIMENT No. 4.—ARTIFICIAL Ort-ASPHALT—MIxING METHOD. 


This section was in good condition, but the surface was appar- 
antly not as homogeneous as that of the preceding experiment. 
The grade at this point was too low where it adjoins the ash-cement- 
concrete section and will have to be raised. 
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EXPERIMENT No. 5.—REFINED SEMIASPHALTIC O1L—PENETRATION METHOD. 


This section was in very fair condition, but appeared somewhat 
soft in places. No raveling had occurred, however. 


EXPERIMENT No. 6.—SEMISOLID, REFINED, SEMIASPHALTIC O1L—PENETRATION 
METHOD. 


ps wre (Ga iee 


This section was in good condition, but the surface was somewhat 
rough, owing probably to the fact that no paint coat had been 
applied. The surface was well bonded. 


a 


EXPERIMENT No. 7.—REFINED WATER-GAS TAR—PENETRATION METHOD. 


This section, also, was in good condition. An excess of tar was, 


however, present on the surface, which plainly showed the marks 
of wheels and horses’ hoofs. 
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i 
a EXPERIMENT No. 8.—REFINED SEMIASPHALTIC O1t—PENETRATION METHOD. 


This section was in fair condition, but showed evidence of having 
__ bled considerably during summer weather. This was due to the fluidity 
of the binder and to the excessive amount which was undoubtedly 
used. In spite of the fact that stone screenings had been applied 
_ during the summer, the surface was somewhat soft and showed the, 
calk marks of perce! shoes. 


Z * EXPERIMENT No. 9.—REFINED WaATER-GAS TAR AND SLAG—PENETRATION 
METHOD. 


This section was in very good condition and appeared better than 

experiment No. 7, in which a lighter grade of the same tar had 

_ been used. There was no evidence of bleeding and the surface did 
not show marks of traffic. 


EXPERIMENT No. 10.—KENtTucKy Rock ASPHALT. 


The western half of this section was in excellent condition and 
was considerably better than the eastern half. This indicates that it 
is preferable to lay the material in two courses rather than one. 
The whole section had the general appearance of a sheet asphalt 
pavement, but on the eastern half the surface was somewhat rough 
and in four spots about 2 feet in diameter four depressions where 
the coarse stone was showing through were observed. This was 
due to the fact that some of the rock asphalt had been cut up and 
picked out by traffic. Slight repairs will probably be Hbssew on 
this section during the coming summer. 


EXPERIMENT No. 11.—OpEeN-HEARTH SLAG—LIME. 


This section appeared very satisfactory as compared with the ordi- 
nary macadam on a continuation of the road which had been con- 
structed at about the same time and which had raveled considerably 
since. There was no sign of raveling here, but the surface was not as 
well bonded as the section at Youngstown, in which open-hearth slag 
screenings had been used. 


EXPERIMENT No. 12. —(a) CEMENT- Concrets; (6) Brruminous-SuURFACED CEMENT- 
CONCRETE. 

(a) When inspected on September 9, 1910, the straight cement-con- 
crete section was in fair condition, but presented a rather rough and 
uneven surface, due evidently to the method of laying. There was 
only one small crack about 8 feet long in this entire section. It was 
decided to cover this section with a bituminous mat in the same 
manner as in experiment No. 126. This was done before the last 
inspection on November 2 in the following manner: 

The surface was first thoroughly cleaned by sweeping, after which 
the hot bituminous binding material was applied by pouring from 
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buckets at the rate of three-fourths of a gallon per square yard. . While” 
the bitumen was still hot, stone screenings ranging from one-fourthinch 
to one-half inch in diameter were applied in sufficient quantity to take 
up all excess of bitumen. A number of bituminous binding materials 
were applied to this section. The character of these materials is indi- 
cated by reference to Circular No. 92 in the cost data for this work 
given in Table 35. 

(b) This section was in better condition than that treated in experi- 
ment No. 12a, but the greater part of the bituminous surface had 
worn away and it was therefore treated again in the same manner, as 
described under experiment No. 12a. The cost and materials data for 
this work are to be found in Table 35. 


EXPERIMENT No. 13.—ASH-CEMENT-CONCRETE. 


This section was in excellent condition, better indeed than any of 
the other cement-concrete sections. It was quite smooth and hard, — 
and no cracks had developed. During the month of October, this — 
section was given a bituminous surfacing in the same manner as de- 
scribed under experiment No. 12. The cost data for this work are 
shown in Table 35. 


EXPERIMENT No. 14.—Brick. 


At the time of inspection all of the brick sections were in excellent 
condition and showed but little effect of wear, since the thin sbeioes > 
of cement had not entirely worn away. 


TABLE 35.— Materials and cost data for bituminous surface on cement-concrete sections, 


Ithaca, N. 
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Circular 92). 
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eal SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
f MASS., IN 1908. 


_ ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL, AND 
MOLASSES-OIL-LIME. 


These experiments are described in Circular No. 90, and the report 

of an inspection of the roads made on July 22, 1909, was published in 

*Circular No. 92. The work was again inspected on August 19, 1910, 
_ after a heavy rain, and the following report was made: 


EXPERIMENTS Nos. 1, 2, 3, 4, 5, 6, AND 7.—ASPHALTIC PREPARATION—MIXING 
METHOD. 


These sections were in practically the same condition as when 
_ inspected in 1909. In sections Nos. 1 and 2 the surface is somewhat 
worn, but fairly well bonded. A number of spots which had failed 
had been patched with a mixture of oil and sand or gravel. Most of 
these patches were in the center of the road. Section No. 2 was in 
slightly better condition than No. 1 and section No. 3 was in better 
condition than the other two, with the exception of a spot about 2 
feet in diameter about the middle of the section on the outer side of 
a curve. A few patches had been made at the western end of this 
section. Section No. 4 was well bonded and no repairs had been 

- required, but the surface was somewhat rough since all of the tarred- 
sand dressing had been worn away and removed by traffic. Sections 
Nos. 5, 6, and 7 were in uniformly good condition. 


EXPERIMENT No. 8.—REsSIDUAL O1Lt—MIx1ING METHOD. 


The surface of section No. 8 was loose in patches and could be 
easily dug into with a knife. At the intersection with Langdon 
Street it had raveled slightly. No repairs had been made on this 
section. 


EXPERIMENTS Nos. 9 AND 10.—REFINED WATER-GAS TAR—Mrx1ne METHOD. 


Both of these sections were in almost perfect condition; they were 
smooth and so well bonded that it was practically impossible to dig 
into the wearing surface with a pocketknife. Section No. 10 pre- 
sented a particularly satisfactory mosaic surface. 


EXPERIMENT No. 11.—Mo.asses-O1n-LiMe. 


The surface of the molasses-oil-lime section was rather rough when 
inspected, and muddy at the sides. It was somewhat raveled in 
places, but was for the most part well bonded. 





54. , DUST PREVENTION AND ROAD PRESERVATION. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT INDE- 
PENDENCE, KANS., IN 1908. 


OIL-ASPHALT IN THE CONSTRUCTION OF AN EARTH-ASPHALT ROAD. 


The original report of this experiment is to be found in Circular No. 
90, while the report of an inspection made on February 19, 1910, is 
contained in Circular No. 92. The road was again inspected on Feb- 
ruary 20, 1911, during cold, sleety weather, and the following results 
were reported: 

That portion of the work on Minnehaha. Street, where the soil is 
decomposed shale and argillaceous sandstone, was in good condition, 
free from ruts and fairly smooth. But little mud was noticed on this 
section, although its general appearance was that of an ordinary 
earth road. Tonopah Street, composed of gumbo and buckshot clay, 
was not in as good condition as Minnehaha Street and was quite 
muddy, especially the western block, where the mud was from 3 to 
4 inches deep. A resident on this street reported that no repairs had 
‘been made since the road was constructed. During dry weather the. 
entire road has been in good condition since construction. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., IN 1908. 


SAND-CLAY. 


The original report of these experiments is to be found in Circular. 
No. 90, and the report of an inspection during 1909 appears in 
Circular No. 92. The following is a report of inspection made during 
L910: 


EXPERIMENT AT GARDEN CITY. 


An inspection on December 14, 1910, of the sand-clay road at 
Garden City showed the road to be in fair condition with the fol- 
lowing exception. In this experiment a local gypsum clay was mixed 
with the natural sandy soil. For a distance of 200 feet the road had 
broken through in places, forming chuck holes. The holes occur 
mainly in the wheel tracks, but some extend entirely across the road. 
On the rest of the road no ruts have developed and very little dust 
has been formed by traffic. It is nearly as hard as macadam and well 
_ bonded, with the exception of a few spots which will probably develop 
into chuck holes unless they are repaired in the near future. The 
road is scarcely wide enough to accommodate the traffic to which it 
is subjected and in places along the shoulders the sand-clay surface 
has been sheared off by the wheels of wagons turning out to pass 
each other. Maintenance of this road has been entirely neglected | 
since its construction. Its present condition seems to indicate that 
dry weather has had more to do with its failure in places than heavy 
traffic. 








bi 
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EXPERIMENT AT DopvGE City. 


In the work at Dodge City a clay silt obtained from an old irriga- 
tion ditch was mixed with a sandy soil similar to that encountered 
at Garden City. When inspected on December 13, 1910, the condi- 
tion of the road varied in places from poor to good. Sections from 
200 feet to 400 feet in length were quite satisfactory, but in other 
sections ruts had developed to a depth of 3 or 4 inches, and numerous 
chuck holes had been formed where the sand-clay surface had been 
reduced in thickness to such an extent that it was unable to sustain 
the weight of traffic. The portion of this road in Dodge Township, 
about one-fourth mile in length, was in poor condition, while the bal- 


ance of the road could be called fair with the exception of the short 


sections above mentioned. The entire road was reported as being 
in good condition until the fall of 1910, and no repairs were made. 
The cause of its partial failure is undoubtedly due to a long-continued 
dry spell, for practically no rain had fallen for a year preceding the 
inspection. The road naturally became very dusty during this period 
and much of the sand-clay mixture was worn away. The southern 
end of the road outside of Dodge Township had been recently re- 
paired to some extent by the addition of fresh material where needed, 
and it is evident that careful and constant maintenance will be re- 
quired to keep the road in good condition from now on. 


EXPERIMENT AT BUCKLIN. 


In this work a buckshot clay was mixed with a sandy soil. When 
inspected on December 15, 1910, this road had much the same ap- 
pearance as that at Garden City. The sand-clay surface had broken 
through in a number of places and chuck holes had been formed. 
It was not, however, in as bad condition as the former road and 
was not rutted as deeply. The greater part of the surface was 
hard and smooth, and practically free from dust. Scarcely any- 
thing has been done in the way of maintenance since the road was 
constructed, with the exception of applying a few loads of new mate- 
rial at the approach to the bridge. If the chuck holes were repaired 
in a similar manner, the road could be put in good condition. 


EXPERIMENT AT FORD. 


In this experiment a short section of road forming the southern 
approach to a bridge crossing the Arkansas River was graded and a 
sedimentary clay was added. When inspected on December 15, 
1910, the road for about 350 feet was in excellent condition; it was 
hard, smooth, and practically free from ruts. The entire road was 
in better condition than any of the other experimental sand-clay 
roads, although no repairs had been made since construction. Very 
little dust was in evidence on the road surface. 
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SUPPLEMENTARY REPORT OF AN EXPERIMENT MADE AT 
BOWLING GREEN, KY., IN 1907. — 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment is to be found in Circular | 


No. 89, the report of an inspection made during January, 1909, in © 
Circular No. 90, and the report of an inspection made during the 
latter part of May, 1909, in Circular No. 92. On December 21, 1910, 
this road was again inspected. For 10 days previous to the inspec- 
tion there had been light rains alternating with freezing weather. 
The temperature was about 28° F. at the time of inspection. 

The entire section was smooth and hard, except as noted below. 
The cross section was well maintained; and the surface rang sharply —} 
under the blows of horses’ hoofs. The city engineer stated that the | 
road had been giving entire satisfaction and that no work had been 4} 
done on it since its construction. Over the eastern half of the road, | 
along each side and about 2 feet from the edge of the metaling, one 
and sometimes two shallow ruts about one-half inch deep and from 3 
to 4 inches wide were in evidence. These indicate that the shoulders 
are insecure at this section. 


About 100 feet from the eastern end, and half way toward the ‘ah 


crown, one small cup hole had developed, in which stones could easily 
be tereencd: Elsewhere there was no indication of loose material. 
The thin dust coat that gave the surface a general appearance of 
sheet asphalt had been worn away and in three places the underlying 
limestone was exposed. This stone was, however, thoroughi bonded 
and showed no indications of raveling. 

The surface was everywhere hard and well compacted, ane a small 
specimen of the rock asphalt when dug up and warmed in the hand 
showed that the bitumen still had considerable life. 


O 
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LETTER OF TRANSMITTAL. 





—Unirep States DEPARTMENT OF AGRICULTURE, 
BE OFFICE oF PuBLic Roaps, 
Washington, D. C., April 24, 1911. 
Sr: I have the honor to transmit herewith we manuscript of a 
ir r cular by Mr. D. H. Winslow, a superintendent of road construction 
this office, entitled “Special Road Problems in the Southern — - 
States.” Publications of this specific character should have a great = 
mterest for the road builders in the section concerned, and it is hoped 
shat much good may be derived from them. I therefore respectfully . 
equest that this manuscript be issued as Circular 95 of this office. 


Respectfully, 








a | Logan WALLER Paaes, Director, © a 
Hon. JAMEs WILson, ; 
Secretary of Agriculture. - 
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SPECIAL ROAD PROBLEMS IN THE SOUTHERN 
ee STATES: 


INTRODUCTION. 


While the general principles of road construction are nearly the 
same all over the United States, it will be found necessary to modify 
them somewhat, owing to climatic conditions, difference in the 
road materials available, and numerous varying local conditions. 
_ Problems will be encountered in the Northern States, owing to 
_ frost action and severe winters, that do not concern the southern 
road builders, and in turn the northern builders do not have to con- 
tend with tropical vegetation or the scarcity of free labor. There are 
certain road problems confined to the Southern States, and it is with 
_ these particular cases that this circular will deal, rather than with the 
~ general road problems. 

It will be the aim of this publication to deal as concisely as pos- 
sible with such difficulties and to offer a simple treatment of them 
_ by the use of local materials and labor. 


FLOODED ROADS AND FORDS. 


At certain seasons of the year, in some localities, there are roads 

- that are entirely covered with water from 1 to 10 feet deep, and for a 

distance varying from a few hundred feet to more than a mile. Such 

~ conditions are found in the eastern Carolinas, and in southern Georgia, 
Alabama, Mississippi, Florida, and other Staces. 

At such times, travel is practically cut off or confined to horse- 
back riding, with a heavy loss to the community. Education is at 
a standstill; medical service is limited and irregular; church attend- 
ance becomes impossible; the mails are delayed, if not entirely aban- » 
_ doned; fire protection is cut off; and life on the farm becomes one of 

isolation and hardship. This is one of the conditions that this cir- 
cular seeks to relieve by making the road passable 12 months in the 
year at a nominal cost. 
| As in other cases, the trouble should be traced to its source, but here, 
even when the cause is ascertained, the road builder is little better 
off, for the cause for such conditions hardly ever originates on the 
road itself. It is quite likely to be a choked channel on private 
95680°—11 7 
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land, a swollen stream overflowing its banks, or a large drainage area 
emptying over a small area, which limited funds will not suffice to 
remedy, even if all the legal objections can be overcome. 





Fia. 1.—Ford on a main road in South Carolina. 


The real problem consists in doing the necessary work on the road 
itself without damage to the property on either side. In some cases 





Fig. 2.—A plank bridge in South Carolina one-half mile long. 


a long bridge has been built, but such a bridge is expensive in its 
construction and is a constant item of maintenance. For most 
places, indeed, its cost is prohibitive. 
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_ To make a deep fill, with the necessary culverts, would also require 
a large financial outlay, especially since the slopes would require 
heavy facing to prevent sliding at flood season. 

The growth of vegetation is so rapid in the South that clearance 
_ of channels, if permitted by the abutters, would be of little value 
unless systematically done at frequent intervals. There is, however, 
scarcely a section in the South where these conditions exist that 


| either timber, brick, stone, or sand can not be obtained. 


The first solution to the problem lies, then, in the use of timber for 
making the flooded sections passable, so that, for example, the engine 
of an automobile may be kept dry while going over the road. 

On the downstream side of the road logs are placed parallel to the 
_ road in the form of a pyramid, with the top of the upper log set as 
high as the usual water level on the road. The bottom logs are held 


in place by either sinking them in a shallow trench or by driving heavy 
_ stakes. The logs are set at the extreme limits of the traveled way. 





= Large-sized logs are used and the largest are placed in the base of 
_ the pyramid. These logs lie end to end except that space is left to 





SECTION 


Fic. 3.—Crosscut view showing the method of draining a flooded road with logs. 


permit a culvert with a head wall to pass through. The purpose of 
this culvert will be explained later. Sand is dumped against the logs 
on the side toward the traveled way until it is level with the top log 
and wide enough for a vehicle to travel on. The logs act as a re- 
_ taining wall, or as a dam, and practically all sediment is. retained, so 
as to form a gradual slope from the top of the logs to the opposite 
side of the road. By driving close to the logs a wagon or automobile - 
encounters but a few inches of water. After the flood season and 
as the water recedes, the purpose of the culvert is apparent. The 
logs and sand act as a dam and, without the culvert, would keep the. 
land flooded on the side of the road opposite the logs. 

A culvert is placed at right angles to the road at the natural grade 
of the ground and protected with head walls at both ends. As the 
water recedes, it runs away from the logs down the incline to the 
inlet of the culvert and through this under the road. Every flood 
adds sediment and compacts the material. 

If stone, brick, or sand can be had, a more permanent structure 
can be obtained by making it of concrete, brick, stone, or cement 
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mortar. If stone is the only available material, it is necessary only 
to lay the stone, like a wall, parallel to the road, similar to the arrange- 
ment of the logs as shown in figure 3. Where brick is used, the top 
of the wall should be at least 8 inches thick, while the thickness at 
the base depends upon the height of the wail. In some sections con- 





Kia. 4.—Crosseut view showing the method of draining a flooded road with a concrete wall. 


crete or cement mortar can be obtained, and in such places a neat 
permanent wall can be laid. 


SWAMP SECTIONS AND LOW LEVELS. 


There are roads on which the water stands throughout the whole 
year and, while they do not become impassable like the flooded areas, 





Fria. 5.—Swampy mail route in Georgia, 


they are a nuisance to all who are obliged to use them. Pedestrians 
are sometimes able to cross these sections on plank walks, which, 
however, are generally neglected. They are impassable for automo- 
biles because of the danger of flooding the engines. 
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In cases of this description the trouble is caused by the fact that 
the water can not be drawn away from the road because the road is 
lower than the level of the adjacent land. It is, therefore, necessary 
to elevate the road above the water to secure proper drainage. 

While a bridge would remedy the trouble in some cases, it mise be 
remembered that this circular is describing those sections which are 
financially unable to build bridges at present. Moreover, unless the 
bridge is built of something more permanent than wood, there must 
be a constant outlay 
for the maintenance of 
the bridge floor. 

On the other hand, 
to make a fill that 
would raise the road 
entirely out of the 
water would cost a 
large amount of 
money, and such a fill 
would require heavy 
protection on its 
slopes, in order that 
the water might not 
undermine them. 
Where a small fill has 
been made, the local 
authorities have usu- 
ally resorted to the 
corduroy road, which 
is one of the roughest 
and most unsatisfac- 
tory roads in use. If 
the material used can 
absorb moisture to 
any extent, the fill nat- 
urally becomes gradu- 
ally saturated. As the 
water must remain on 
or around the road, it 
is necessary to use a material that holds as little moisture as possible, 





Fic. 6.—Corduroy road near Lunenburg, Va. 


and to use it in such a manner as to give a dry road with the least 
amount of materials. 

There is scarcely a section in the South where either rock, clay, or 
sand can not be obtained. Wherever there is clay, brick will prob- 
ably be made, and wherever there is a brick kiln, it is possible to secure 
old brickbats, or at any rate they can generally be found around 


the sites of old brick buildings. 
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The method of construction for roads of this description is the 
same, whether rock, brickbats, or sand are used. The road is first 
formed in a V-shape by either excavating in the center and throwing 
the material to the sides or by filling the materials in at the sides of 
the roadbed to form the sides of the “V.”’ This ‘‘V”’ is next filled with 
either rock, brickbats, or sand. If it is filled with rock, the largest- 
sized pieces are kept at the point of the “V,”’ while the smallest are 
used at the top. For a 15-foot roadbed the rock is placed from 18 
to 24 inches thick in the center and to a depth of about 6 inches at a 
point 74 feet on each side of the center. The top is then dressed off 
with natural soil and a road drag is used, 





SECTION 


Fig. 7.—Roadbed with V-shaped foundation. 


If it is filled with brickbats or sand, the same method is used. The 
sand section will remain damp and, since sand supports a load better 
when damp than when dry, this is an advantage. 

This type of road is more satisfactory than the old corduroy road, 
and far less expensive to maintain, because the use of the roid drag 
and an occasional renewal of material when settlement takes place 
will be the only items of expense. In some sections the “V” has 
been filled with logs laid parallel with the road, but this method is not 
recommended except as a temporary measure. 
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SECTION 
Fig. 8.—V-shaped drain filled with rock, brickbats, or sand. 


EROSION OF THE ROAD AND DITCHES. 


After hard or prolonged rains, roads which have been constructed 
with a flat surface are often gullied in the center, or, if the road was 
well crowned; the gutters or ditches are usually badly washed. 

As a rule the damage is more extensive on grades than on level — 
stretches. This is because the damage in general depends upon the 
velocity of the water, and this of course is controlled by the steep- 
ness of the slope. If the water cuts the ditches very deep, it might 
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¢ 
| be advisable to reduce the grade of the road, if possible, either by 
cutting down the summit or filling at the foot of the hill, or both. 
It must be remembered that this is likely to be economical in the 
end even if the first cost seems high, since it will not only save on 
future maintenance, but will decrease the tractive force required to 





Fic. 9.—Erosion of side ditches on a South Carolina road causing danger to traffic. 


pull a load at this point. There are, however, many grades that can 
not be changed, because of local conditions, and it is the aim of this 
circular to deal with these cases. 

In the case of the sandy sections the wash may be effectively 
stopped by 2-inch planks from 6 to 12 inches wide and cut into 
3-foot sections. 
These short planks 
are sharpened on 
one end and _ then 
enough of them to 
mover 3 feet in 
width of the gutter 
or ditch are driven 
in edge to edge for a 
depth of over 3 feet Fig. 10.—Two-inch plank prepared for use in sandy regions. 
at right angles to the 
erade of the road. If they are driven in a little more than flush with 
the gutter, there is no danger of the road machine or drag striking them. 

In a clay section it is practically impossible to drive a plank 3 
feet without splintering it. The method of construction, is entirely 
different from that described for sandy sections. Old logs or railroad 
ties, if they can be secured, are better under these conditions. They 
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should first be cut into 4-foot lanenet Trenches are then sane in 
the gutters at right angles to the road, and the tie or log is placed in 
the trench. Where the wash is severe, several logs are placed directly 
over each other like the flashboards in a dam. The top log or tie is 
placed at least 4 inches below the gutte’ in order to prevent it from — 
coming in contact with a road drag or road machine in operation. 
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-Fia. 11.—Crosseut view of a sandy road protected by planks. : 


The ties or logs are placed from 20 to 60 feet apart, according to the — 
orade of the hall, and it is an easy matter to insert one whensyea an. 
Baiional one is required. i 
The chief advantage gained by this use of logs or planks is that 
deep and dangerous ditches which are not only a menace to travel, 
but also make the road narrow, are removed. When the planks or 







SECTION 
o'- 0” 
Fig. 12.—Road ditch prepared with trenches to be filled with logs. 


logs are used, the entire width of the road can be used by the public, 
and the road is always safe. 


SAND OR CLAY STRETCHES. 


Many sand beds that are bad at all seasons can be improved by — 
mixing clay with sand by means of a plow and harrow and then using — 
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Fig. 13—Road ditch with logs in place. 


the road drag systematically. On the other hand, many clay sec- — 
tions that are bad in wet weather can be improved by first plowing 
and then mixing in sand by means of the harrow, and finally using — 
the road drag. 
The Office of Public Roads has issued a publication on the subject 
of sand-clay roads, and this circular will not therefore enter into the 
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f this method of road construction. This publication is 











0 rit can be priairied upon application to the Secro cree of 
ulture, Washington, D.C. 


TOP SOIL ROADS. 


This type of road has been used with marked success in Virginia 
Georgia. While in principle it is a sand-clay type, it is often a 


: andy soil with just enough loam to fill the voids in the sand and ~ 


yond the particles together. The road really lies between a sand-clay 
ro: vad and an earth road, and it is well to bear in mind ‘that the best 
Beals on earth roads, pepeciaily in the South, are obtained when the 
peril is pliable and plastic and can be easily and economically 
zo Se The earth roads are vastly improved if all sod, roots, 
refuse, and perishable material can be kept out of the roadbed and 
the arface well crowned. 


O 


Ppatletin 311, ‘“Sand-clay and Burnt-clay Roads,” and 
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LETTER OF TRANSMITTAL. 


U. S. DeparTMENT oF AGRICULTURE, 
Orrice or Pusiic Roaps, 
Washington, D. C., August 2, 1911. 
Sir: I have the honor to transmit herewith the manuscript of a 





circular, by Mr. Prévost Hubbard and Mr. Clifton N. Draper, of this a | | 


office, on the Effect of Naphthalene upon the Consistency of Refined 


Tars. This publication is one of a series of papers which will be — 


prepared under the general subject, Naphthalene in Road Tars. A 
systematic investigation of the effect of various constituents upon the 
quality and adaptability of tars used as road binders would seem to 
be of the greatest importance, first, because of the present lack of 
data bearing upon this subject, and second, because the utilization 
of tars in road treatment and construction seems destined to effect 
a large proportion of the road work in this country. I therefore 
respectfully request that this paper be issued as Circular 96 of this 
office. 
Respectfully, Logan Wa.uier Pace, 


Director. 
Hon. James WILsonN, | 


Secretary of Agriculture. 
2 







THE EFFECT OF NAPHTHALENE UPON THE 
CONSISTENCY OF REFINED TARS. 


* Naphthalene, C,,H,, often occurs in coal tar in larger quantities 
_ than any other one hydrocarbon and for this reason it is natural to 
_ suppose that it exerts an appreciable influence upon the quality and 
_ applicability of coal tars used as road binders. In this couhtry the 
_ use of tars in road treatment and construction has advanced rapidly 
| during the past few years and upon the market to-day are to be 
_ found a number of tar preparations intended for such use. These 
| preparations are as a rule made by distilling off the ighter and more 
_ volatile constituents from both crude coal tar and crude water-gas 
tar or mixtures of the two. The residual products, which vary in 
_ consistency according to the extent and method of distillation, are 
_ sold for road purposes. Many successes and many failures have re- 
| sulted from the use of coal tar and water-gas tar road binders, and 
_ often no clew has been obtainable as to the reason for such diverse 
results. In view of this fact, a systematic study of the principal 
chemical constituents of road-tar preparations and their effect upon 
the quality of such preparations is now being made in the labora- 
tories of the Office of Public Roads, United States Department of 
_ Agriculture. 

In the present paper, which is the first of a series upon naphtha- 
lene, no attempt will be made to review the chemistry of this sub- 
_ stance, since this discussion is reserved for a later publication which 
_ will cover the entire subject as presented in the individual papers. 
_ A few remarks concerning certain physical properties of naphtha- 
_ lene may, however, not be amiss at this point. 

L Naphthalene, in the pure state, exists in white crystalline masses 
of thin rhomboidal scales melting at 79° C. and having a boiling 
) point of 218° C. Its specific gravity at 15° C. is 1.1517. It has a 
: very characteristic odor, commonly familiar in moth balls, and is ex- 
_ tremely volatile, Paanine its high molecular weight, so much so 
_ that in the manufacture of coal gas it is only Patiiaily deposited 
in the condensers, while the Remainder is carried into the purifiers 
‘ 10431°—Cir. 96—11 3 
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a 
and into the gas mains, where it deposits in the bends of pipes during 
cold weather and often causes them to become clogged. Naphtha- i 
lene volatilizes far below its boiling point and, in crude tars, dis- 
tills to a considerable extent with aqueous vapor and also with the 
light tar oils, which accounts for its occurrence in the first fractions. 
Even at ordinary temperatures, it volatilizes slowly and gives off 
a penetrating tarry odor. It is slightly soluble in hot water, but 
dissolves easily in alcohol, ether, fatty and essential oils, acetic acid, 
and especially in the phenols and lighter tar distillates. No entirely | 
satisfactory method for the quantitative determination of naphtha- | 
lene in tar has, as far as the authors are aware, been devised up 
to the present time, although methods have been put forth by vari- | 
ous investigators for the determination of naphthalene in illuminat- | 
ing gas. j 

It is a rather generally accepted theory that, in the manufacture 
of coal gas, the formation of naphthalene is due to certain complex 
reactions which take place only at the high temperatures at which 
the retort is maintained in modern gas-house practice. According 
to Cooper, “A few years ago—when lower temperatures were in | 
vogue, and when lower makes per ton of coal carbonized were reg- | 
istered—naphthalene was an almost unknown quantity; but now 
that the stress of competition demands the highest possible output 
of gas, it seems also to bring in its train the formation of large quan-— 
tities of naphthalene.” It 1s certain, however, that other factors, 
such as the size, shape, and inclination of the retort with relation 
to the volume of the charge of coal, and the varying conditions to 
which the evolved gases are subjected before and during their 
passage from the retort, have a great deal to do with the que : 
of naphthalene formed. 

Tars used as road binders are for the most part soft pitches- 
obtained by distilling from 15 to 80 per cent of the lighter products 
from the crude material. The soft pitch contains a large propor- 
tion of the naphthalene which may have been present in the original 
tar, and it is the study of the effect of naphthalene upon this grade 
of material that is the subject of this paper. As consistency is one 
of the most important properties of a road tar, it was thought well 
first to investigate the effect of varying percentages of naphthalene 
upon a given tar. | 

From its very nature naphthalene itself can not be considered as 
a binding material. For some time past: it has been known, however, 
to serve as a flux for the binding constituents of tars, in spite of the 
fact that it is a crystalline solid. Thus it is possible to combine, by 
heating together, a hard tar pitch and a quantity of naphthalene 
with the formation of a soft product. It was thought, therefore, that 


1 Journal of Gas Lighting, Vol. CX, May 24, 1910, p. 498. 
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a comparison of its fluxing value with that of certain less volatile tar 
distillates would prove most instructive. For this purpose a rep- 
resentative coal tar was taken and distilled to 238° C. in order to 
remove all the naphthalene. This naphthalene-free tar pitch, which 
was used for the following tests, was so hard that it was difficult to 
make an impression on it with the finger. An arbitrary measure of 
the consistency of this pitch was then obtained by means of the New 
_ York Testing Laboratory float-test apparatus, which is customarily 
used for this purpose in the routine examination of tar products 
in the Office of Public Roads.* 

The float apparatus, briefly described, consists of an aluminum 


float or cup, 34 inches in diameter, into which is screwed a small 





brass conical collar or mold. This collar is ¢ inch high, with an 
internal diameter at the top of 2 inch and at the bottom of 4 inch. 
In making the test the brass collar is placed with the small end 
_ down on a brass plate which has been previously amalgamated with 
_ mercury by first rubbing it with a dilute solution of mercuric chlorid 
nitrate and then with mercury. A small quantity of the material 
to be tested is heated in a metal spoon until quite fluid, with care that 
it suffers no appreciable loss by volatilization and that it is kept free 
from air bubbles. Jt is then poured into the collar in a thin stream 
until slightly more than level with the top. The surplus may be 


removed after the material has cooled to room temperature, by means 





of a spatula blade which has been slightly heated. The collar and 
plate are then placed in a tin cup containing ice water maintained at 
5° ©. and left in this bath for at least 15 minutes. Meanwhile 
another cup is filled about three-fourths full of water, placed on a 
tripod, and the water heated to any temperature at which it is desired 
to make the test. This temperature is accurately maintained, and is 
at no time throughout the entire test allowed to vary more than one- 
half a degree centigrade from the temperature selected. After the 
material to be tested has been kept in the ice water for at least 15 
‘minutes, the collar and contents are removed from the plate and 
screwed into the aluminum float, which is then immediately floated 
in the warmed bath. As the plug of bituminous material becomes 
warm and fluid it is gradually forced upward and out of the collar 
until water gains entrance to the float and causes it to sink. 

The time in seconds between placing the apparatus on the water 
and when the water breaks through ‘the bitumen is determined by 
means of a stop watch and is taken as a measure of the consistency 
of the material under examination. Results so expressed are only 
relative, but they are comparable to within a good degree of pre- 
cision. The temperature at which the water bath is maintained 1s 
purely an arbitrary matter and, for routine work in the office, 32° C. 
ae il i ieee ene en 


1 Bulletin 38, U. 8S. Dept. of Agriculture, Office of Public Roads, pp. 14-16. 





6 NAPHTHALENE IN ROAD TARS. 


































and 50° C. have been selected as a matter of convenience when testing 
the comparatively soft and comparatively hard road tars. ql 

For the work described in this circular 55° C. and 80° ©. were 
adopted as most convenient temperatures. The former was selected 
after making a series of float tests upon the prepared coal tar pitch 
at temperatures varying from 40° C. to 60° C. In these tests it was © 
found that at 40° C. and 45° C. the tar had not softened sufficiently 
to complete the test at the end of 1 hour; at 50° C. a test of 24— 
minutes and 18 seconds was obtained; at 55° C., 9 minutes and 47 
seconds, and at 60° C.,3 minutes and 45 seconds. The duration of the 
test at 55° C. seemed most satisfactory as allowing sufficient leeway 
for, comparative results without consuming too much time. It was. 
decided to select 80° C. as a second working temperature, as it was 
the nearest convenient one to the melting point of naphthalene. It 
was thought that, by making consistency tests upon the naphthalene 
tar-pitch mixtures, later described, at both 55° C. and 80° C., the 
results would show not only how much the mixtures softened at the 
higher temperature, but what differences, if any, might be due to 
naphthalene below and above its melting point. 

When the matter of temperatures had been decided upon and the 
consistency of the tar pitch had been determined at these tempera- | 
tures, naphthalene mixtures were made as follows: Approximately 30- 
gram samples were accurately weighed intoa series of small tin dishes, 
and varying percentages of c. p. flake naphthalene were added, 
starting with 0.5 per cent of naphthalene and gradually increasing 
this amount to the extent of 30 per cent. In all, 13 samples were 
prepared. Before adding the naphthalene, each weighed sample of 
tar was warmed in the tin dish until fairly fluid, after which the 
naphthalene was added and the mixture well stirred. It was found 
better to add the naphthalene a little at a time during the process” 
of mixing rather than to add the entire amount at one time, as by 
so doing there was less danger of losing some of the naphthalene by 
volatilization and a uniform mixture was more readily obtained. 
As the naphthalene was added, an increase in the fluidity of the 
mixtures was readily seen. Where 20 per cent of naphthalene was 
used, the mixture was found to be fluid at normal temperatures, 
W hathy the original pitch was semisolid. The naphthalene com- 
bined with the tar with surprising readiness and, upon cooling, 
no traces of the naphthalene could be seen in the resulting mixture, 
except where high percentages were added. It was found, however, 
that between 15 and 20 per cent of naphthalene caused the tar to 
become saturated. The 15 per cent mixture was homogeneous when 
cold, but in the 20 per cent mixture a small amount of naphthalene 
crystals separated out upon cooling. This fact indicates that the 
tar pitch forms a sort of eutectic with naphthalene similar to certain 
metallic alloys. Above the approximate eutectic of 20 per cent the 


bs a | 
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naphthalene erystallized out more and more as the percentage was 
increased. A mixture of 30 per cent of naphthalene solidified. This 
was due to the crystallization of the excess of naphthalene. The 
consistency of this mixture at 55° C. was found to be hieher than 
the preceding mixtures, owing to the separation of the naphthalene, 
which does not melt at this temperature. At 80° C. the consistency 
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of this mixture was nil; that is, it became very fluid, as would 
naturally be expected. The maximum increase of fiuidity of the 
tar was obtained with 20 per cent of naphthalene, which is prac- 
tically the eutectic point. These facts will be noticed on the curves 
A and A’ (fig. 1), which show the consistency of the mixtures plotted 
against the varying percentages of naphthalene. 


: ? 
a pan 


8 NAPHTHALENE IN ROAD TARS. 3 


Curve A shows the decided effect which naphthalene has upon the 
tar at 55° C., and A’ the effect at 80° C. As the temperature of the 
water bath during the float test is raised, the curve A will approach 
A’ and a series of curves might be obtained, lying between A and A’, 





ok 


for water-bath temperatures between 55° C. and 80° C, | 

The sensitiveness of the tar pitch to small increments of naphtha- | 
lene is shown by the sharp drop in the first section of curve A, start- 
ing with the addition of 0.5 per cent of naphthalene, which increases 
the fluidity 1 minute 12 seconds. The fluidity increases very markedly | 
antil 7 per cent of naphthalene is reached, when the curve becomes | 
more gradual, while increasing percentages of naphthalene have a — 
much smaller effect. The curve drops, however, until 20 per cent of | 
naphthalene is reached and then rises gradually to 25 per cent of @ 
naphthalene, owing to the separation of naphthalene, as previously | 
explained. At 30 per cent of naphthalene a sharp rise is noted and | 
the curve, if continued further, would rise almost perpendicularly, 
because the naphthalene is so much in excess that an accurate meas-— 
urement of the consistency would be impossible. For reference to 
the percentage increase in fluidity owing to increasing increments of 
naphthalene, the data given in Table I calculated from the curves — 
will show statistically what the curves represent graphically. 


TABLE I.—Percentage increase in fluidity of coal-tar pitch owing to additions 
of naphthalene and naphthalene-free tar distillate. 


Due to naphtha- Pe aes 
Beectutnt lene. Due to distillate. 
naphthalene 
or distillate. 

At 55° C.| At 80° C. | At 55° C. | At 80° C. 


! 


Per cent. | Per cent. | Per cent. | Per cent. 
1282 j 3.1 





0.5 6.7 3.8 
1.0 26. 9 11.5 19.1 5.8 
1.5 44.5 19. 2 29. 6 14. 4 
2.0 50. 8 27.9 37.1 17.3 
2.5 59. 3 32. 7 44.6 20. 2 
3. 0 64. 1 36.5 49.9 25. 0 
5. 0 76. 5 51.0 64, 2 39. 4 
7.0 83. 3 63.5 75.1 49. 0 
10. 0 91.5 75. 0 82.3 61.5 
15. 0 94. 4 83. 7 89. 6 74. 0 
20. 0 97.3 90. 4 94.5 83. 7 
25. 0 96. 9 89. 4 96. 6 89. 4 
30. 0 88. 1 75.0 100. 0 100. 0 


| 





It will be observed that 7 per cent of naphthalene increases the 
fluidity of the tar 83.3 per cent at 55° C., while 20 per cent increases 
it 97.8 per cent, showing that the additional 13 per cent of naphtha- 
lene makes an increase of only 14 per cent in fluidity. This fact is 
shown by the gradual slope of the curve A between these points as 
contrasted with the steep slope up to 7 per cent. 

For comparison with the consistency results obtained with 
naphthalene, a portion of the original coal-tar pitch was saved for 
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in mixtures with a naphthalene-free tar distillate. Duplicate 
$ were carried out in the same way as were the naphthalene tests, 
cept that equivalent percentages of a naphthalene-free distillate 
a employed. ‘This distillate was a mixture of oils taken from the 
| illation of several water-gas tars and showed the following com- 
) lq Position upon fractional distillation in an Engler flask: 


TABLE I1.—Vlractional distillation of tar distillate. 

















Temperature Per cent Tempe rature Per cent 
ibaa, Oy. distilled. in* C,; distilled. 
Up to 190 Ox:7 Up to 280 47.5 
Up to 200 1.0 Up to 290 55.5 
Up to 210 1.8 Up to 300 62.5 
Up to 220 5.0 Up to 310 71.0 
Up to 230 7.5 Up to 320 tie 
Up to 240 14.5 Up to 330 83.0 
Up to 250 23.0 Up to 340 89.0 
Up to 260 28.5 || Up to 346! 94.0 
Up to 270 37.0 || 
1 Dry. 


The specifi: gravity of this distillate was 1.006 at 25° C. and, 
_ upon cooling to —10° C., no solids crystallized out of solution. 

_ Thirteen samples were weighed out in the same manner as for 
the naphthalene tests and the percentages of distillate added as 
before. Consistency results were obtained upon the mixtures of tar 
-and distillate, according to the float apparatus, and at the same 
_ temperatures as in the naphthalene tests—55° C. and 80° C. The 
_ procedure was exactly duplicated in both cases, so that the results 
could be studied under exactly the same conditions. In figure 1 
the results of this second series of tests are shown by curves B and 
_B’, and the corresponding tabulated data are shown in Table I as 
compared with the results from naphthalene. 

The effect exerted by naphthalene upon the fluidity of tar is, from 
these results, a very important one in coal tars used for road con- 
struction. All coal tars contain naphthalene, but the amount in 

road-tar preparations varies from 0 to 10 per cent and higher. The 
degree of fluidity which a tar maintains under service conditions is 
a most important consideration. The fact that a tar is originally 

of proper consistency for certain work is no reason for supposing 
that this consistency will be maintained under service conditions. 

Tf the fluidity of the tar is due principally to nonvolatile tar oils, 

it will undoubtedly maintain its original consistency for a longer 

period than if the fluidity is due mainly to high naphthalene content. 

Therefore, in two tars of the same consistency or degree of fluidity, 
one with a small naphthalene content and the other with a high 

naphthalene content, it would be natural to predict from the fore- 

going data that upon exposure the low naphthalene tar would main- 
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tain its original consistency for a longer time, if other things are | 
equal. Owing to the volatility of naphthalene, the high naphthalene | 


tar would undoubtedly lose more or less naphthalene, and hence its 
fluidity might be expected to decrease rapidly. This subject is now 
under investigation and will be covered in a later paper. 
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In addition to refined coal tars, refined water- gas tars and also 
refined mixtures of coal tar and water- gas tar are used to a consid- 
erable extent in the treatment and construction of roads. For this 
reason it was thought advisable to determine what effect naphthalene 
might have upon the consistency of a water-gas tar pitch. Water- 
gas tar as produced in the modern manufacture of carburetted water 
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EFFECT UPON THE CONSISTENCY OF REFINED TARS. LE 
















) | gas is similar in many ways to its sister product, coal tar. It has 
| however, marked characteristics in which it differs from coal is 
| namely, a lower specific gravity, a lower free-carbon content, and 
| relatively small amount of naphthalene. 

A representative sample of water-gas tar was distilled until the 
residual pitch had as nearly as possible the same consistency at 55° C. 
as the coal-tar pitch in the previous experiments. This water-tar pitch 
_ had a consistency of 9 minutes 49 seconds. It was divided into two 
_ portions, one for naphthalene mixtures and one for distillate mix- 
tures. As in the previous work, samples were weighed out with 
| varying percentages of naphthalene and a duplicate set of samples 
with an equivalent amount of the same naphthalene-free tar distil- 
| late as used in the coal-tar tests. The consistency was obtained in 
| both sets of tests with the float apparatus, and the water bath was 
| maintained at 55° C. and 80° C., respectively. The results from the 
naphthalene series are shown in figure 2 by curves C and C’, and 
| those of the corresponding distillate series by curves D and D’, 

& Té will be noted that these curves follow very closely those shown 
| in figure 1 and are of the same general type. The relation between 
| the consistencies obtained with naphthalene and the naphthalene-free 
distillate is practically the same as for coal tar, and the respective 
| influence of the increase in fluidity is similar, as shown in Table IIT. 
Indeed, this similarity is remarkably close when it is realized that 
| the coal-tar pitch contained 18.34 per cent of free carbon, while the 


_ water-gas tar pitch contained only 1.77 per cent of free carbon. 
a 





_ TABLE IlI.—Percentage of increase in fluidity of water-gas tar pitch, owing 





% to additions of naphthalene and naphthalene-free tar distillate. 
Re 
Pe 
ie Due to naphtha- ere ate 
er Pi tanvot lene. Due to distillate. 
naphthalene 





or distillate. 
At 55° C.| At'80° C.| At 55° C.| At 80°C. 


Per cent. | Per cent. | Per cent. | Per cent. 
SALES a 1 1.6 


- ee Ler 








= 0.5 : ; 4 

1.0 38.0 15.6 29.7 11.9 

“ 1.5 45.2 22.0 38.5 16.5 
pe 2.0 53.0 30.3 45.2 ot 
‘a 2.5 57.9 33.0 51.4 26.6 
oe 3.0 62.0 38.5 56.7 31.2 
rR 5.0 76.4 54.1 68. 4 46.8 
Ps 7.0 eel 64, 2 75.9 55.0 
i 10.0 89.0 75.2 83.5 67.0 
* 15.0 94.9 86.2 91.5 78.9 
2 20.0 97.1 . 89.9 94.7 86.2 
b 25.0 98.5 92.7 97.1 90.8 
we. 30.0 95.2 87.2 100.0 100.0 


| Comparing these data with those tabulated for the coal-tar tests, it 

" will be noted that the effect of small percentages of naphthalene is 
even greater for the water-gas tar than for the coal tar of like consist- 
 ency, and this is also true of the naphthalene-free distillate, although 


Le | NAPHTHALENE IN ROAD TARS. 
























the effect is not so marked. The principal difference between the — : 
sets of curves at 55° C. is the marked increase in fluidity caused b 
both naphthalene and distillate when only 0.5 per cent is adde a 
as even as small an addition as this increases the fluidity by 21.1 
and 18.8 per cent, respectively. This fact is shown by the sharp 
drop in both water-gas tar curves at 55° C. The two series of curves” 
obtained at 80° C. are also similar. The effect of increasing amounts 
of naphthalene, however, is not so markedly shown as in the curves 
for the test at 55° C. j 

In a paper by one of the authors,’ on the effect of free carbon 
in tars from the standpoint of road treatment it is shown that 
an increase in the percentage of free carbon to tar bitumen of a 
given consistency decreases the fluidity of the resulting product. It 
is evident, therefore, that the true bitumen of the two tar pitches 
under investigation, excluding free carbon, differed somewhat, 
although the pitches as prepared were of the same consistency. © 

While at the present time it does not seem advisable to draw very 
definite conclusions, the foregoing results nevertheless strongly indi- 
cate the following facts: | 4 

(1) That the fluxing value of naphthalene for tar pitches is 
somewhat greater, although quite similar, to the heavier naphthalene- 
free tar distillates, until the mixture becomes saturated with napa \- 
lene; : | 

(2) That for the harder tar pitches the addition a very smal] 
percentages of naphthalene will produce a marked increase in fluid. 
ity of the resulting product; 

(8) That for the softer pitches the addition of naphthalene ii in 
small quantities causes less increase in fluidity than for the harder 
pitches; 

(4) That where naphthalene i is added beyond the point of satura: 
tion a rapid decrease in the fluidity of tars at temperatures below 
the melting point of naphthalene is observed, but at temperatures 
above its pelea point the fluidity continues 3 increase. 

In conclusion, it may be stated that evidence points to the fal 
that, within a reasonable degree of accuracy, it should be possibl 
to foretell, by reference to the curves which have been given, what 
Peycistancy to expect from the addition of a given percentage 
of naphthalene to a tar pitch or refined tar of known consistency, 
irrespective of the free carbon content of the tar. : 
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1Proc. Am. Soc. Test. Mat., 1909, Vol. IX, p. 549. 
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LETTER OF TRANSMITTAL. 


- Untrep States DEPARTMENT OF AGRICULTURE, 
OFFICE OF PUBLIC Roaps) 

Washington, D. C., October 19, 1911. 
Srr: I have the honor to transmit herewith Abs manuscript of aL 
circular by Mr. Prévost Hubbard, chemist in this office, entitled 
‘“‘Coke-Oven Tars of the United States. ”’ his publication gives the 
results of examinations of all the coke-oven tars at present manu- 
factured in this country, together with a brief discussion of their 
properties in relation to their use as road materials. I respectfully - 
request that this manuscript be published as Circular 97 of this office. . 
Respectfully, 4 







Logan WALLER PAGE, 


Disease 
Hon. JAMES WILSON, 


Secretary of Agriculture. 
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COKE-OVEN TARS OF THE UNITED STATES. 


The rapidly increasing use in this country of refined coal tar in the 
treatment and construction of roads and the fact that an immense 
quantity of coal tar will ultimately become available for this purpose 
through the installation of by-product coke ovens make it highly 
desirable to obtain accurate information as to the properties of coke- 


oven tars which are being produced at present. Attention was 


called by the author to the importance of this subject in a recent 
publication,’ as follows: 

While, in the manufacture of coal gas, the production of tar is 
absolutely unavoidable, this is not true of the manufacture of coke 
for metallurgical purposes. There are two general types of coke 
ovens in use at present, in one of which no attempt is made to recover 
the volatile products of the coal. This is the oldest form of oven, 
known as the ‘“‘beehive,” and is extensively used in this country 
to-day. It is constructed of brick and as its name implies has the 


form of a beehive. Bituminous coal is placed in this oven or kiln 


and a part of it burned in order to carbonize the remainder, while the 
volatile products, such as gas, ammonia, and tar, are allowed to escape 
through an opening in the top of the kiln, where they are lost in flame 
and smoke. 

Coke ovens in which the by-products are saved are now used to 
some extent in this country, and sooner or later will undoubtedly 


. replace the old-style oven entirely, and thus increase our output of 


tar enormously. The reason that they have not been more generally 
adopted in this country is that in the United States tars are of much 
less economic importance than in the European countries, where 
great chemical industries are based upon the utilization of this 
material. Germany in particular is far in advance of us in this field 
and exports to this country alone coal-tar products to the value of 
several million dollars each year. With the development of the 
road-tar industry, which promises to consume vast quantities of tar, 
and the necessity for refining such tars before use, the general adoption 
of by-product ovens is only a matter of time. What this will mean 
in the increase in tar production can be imagined from the fact that in 
1908, out of a total of over 26,000,000 tons of coke produced in coke 
ovens, only a little over 4 000,000 tons were obtained from by-product 


—— 





1 Dust Preventives and Road Binders, pp. 239-240, New York. 
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ovens. About 22,000,000 tons of coke were, therefore, produced ; 


without recovery of the tar. As the average yield of coke per ton of 
coal was 66 per cent, this would represent the consumption of over 
33,000,000 tons of coal. Upon the basis of a yield of 10 gallons of 
tar per ton of coal, it may be seen that over 330,000,000 gallons of 
tar were lost in 1908 which might have been saved. As the actual 
production of coal tar both from coke ovens and gas houses amounted 
to about 101,000,000 gallons, it is evident that over three-fourths of 
our possible production of tar as a by-product was lost during that 
year. Ata valuation of 24 cents per gallon, this means a loss of over 
$8,000,000. With such an increase in production, however, the 
monetary value of coal tar would have dropped, so that this figure 
may be somewhat exaggerated. In any event, at a conservative 
estimate, the tar lost each year from nonrecovery coke ovens is 
sufficient to build 9,000 miles of tar macadam road 15 feet wide. 
This estimate was based on data taken from reports of the United 


States Geological Survey. In a later report by Parker,' it is shown ~ 


that over 53,000,000 tons of coal were consumed in beehive ovens in 
1910, so that on the same basis it would appear that over 530,000,000 
gallons of tar were lost during that year. The output of tar from by- 
product coke ovens, however, has also continued to increase, as 
shown by the following figures taken from this report: 


Tar obtained from by-product coke ovens. 


Gallons. 
1008 tO te es eae 42, 720, 609 
1909 at Se tS os Sar ee Reh ee 60, 126, 006 
NOLO feos So back pwn ss 5 PA paired cits skin 66, 303, 214 


The tar thus produced in 1910 was valued at $1,599,453, or about 
2.4 cents per gallon. It is evident, therefore, that the value of the 
tar lost during that year by the use of beehive ovens amounted to 


approximately $12,000,000. That the use of by-product ovens is | 


increasing in greater proportion than the use of the beehive oven is 


shown by the fact that for the former type the increase in 1910 over 


1909 in tons of coke produced was 14.13 per cent, while the production 


from beehive ovens increased by only 4.57 per cent. Parker adds, - | 


however: 


While noteworthy progress has been made in the substitution of modern retort-oven 
practice for the wasteful and what should be obsolete beehive or partial-combustion 
method of coke making in the United States, this country is still much behind European 
countries in this regard. 


He says further: 


The yield of coal in coke in retort ovens exceeds that obtained in beehive or other 


partial-combustion ovens by about 15 per cent, and generally the quality of the coke 
is improved. 


1 The Manufacture of Coke in 1910, United States Geological Survey. 
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In order to determine the character of coke-oven tars at present 
© cine produced in the United States, it was first necessary to obtain 
samples from all of the known plants, and for this purpose reference 
was made to a list of by-product and retort coke-oven plants of the 
United States and Canada (Jan. 1, 1910), which was kindly loaned to 
the author by Mr. Parker in iene of its publication. Letters 
were then written to each plant asking for the following information: 



















y (1) a. At what maximum temperature are your retorts fired in your ovens? 
In your ovens? 

f 6. What is the maximum temperature to which the charge of coal is brought in your 
ovens? In your ——— ovens? 

_~ (2) What is the specific gravity of your crude tar in your ovens? In your 





ovens? ; 

(3) What percentage of free carbon is found in your crude tar from your 
_ From your - ovens? 
L. (4) Will you furnish us for examination a 1-gallon sample of your crude tar from 
your ovens? From your ovens? To be sent at our expense. 


f 
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— ovens? 
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Very courteous replies were received from the manufacturers, and in 
practically every case samples of tar were also forwarded. The blanks 
in these questions were filled out by inserting the names of the type or 
types of ovens operated by the manufacturer to whom they were sent. 
It was found that, where two types of ovens were operated at the same 
plant, no attempt was made to separate the tar, and the entire output 
was run into a common well. In such cases the sample of tar sub- 
mitted was a mixture obtained from both ovens. The report of these 
_ samples is given at the bottom of Table I. 

The questions concerning temperature were asked because criticism 
from an authoritative source had been received with regard to a state- 
ment made by the author in a former publication? to the effect that 
_ in the production of tar from by-product coke ovens “carbonization is 
conducted at a lower temperature than in the manufacture of coal gas. 
The resulting tar, therefore, contains a smaller amount of free carbon, 
averaging from 3to 10 percent * * *.” But little reliable infor- 
mation on this subject could be obtained from published literature, 
although the opinion seemed to prevail that carbonization in by- 
product coke ovens is conducted at a lower temperature than in mod- 
ern gas-house practice. Thus, according to Lunge,* “‘ Hilgenstock 
(J. Gasbeleucht., 1902, 617) attributes the notorious difference be- 
tween gas-tar and coke-oven tar with respect of their contents of free 
carbon and other products of pyrogenetic decomposition to the fact 
that in coke ovens the escaping vapors do not attain temperatures 
above 600°C., and that they are, moreover, protected against decompo- 
sition by the dilution of the heavy vapors, slowly given off from the 
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1 Mineral Resources of the United States, 1909, Part II, pp. 240-242, United States Geological Survey. 
2 Circular 93, Office of Public Roads, U. S. Department of Agriculture, p. 9. 
8 Coal Tar and Ammonia, 4th ed., part 1, p. 23, Van Nostrand. 











_— 


+ — ars “ae 


Serial 





No. 


5126 | 
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5189 
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5074 
5081 
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5083 | 
5159 


5107 | 
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5078 | 
5087 


5109 


5122 


5188 
5404 


5108 


5127 


5089 
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| peuriens Steel Co., Sparrows Point, 
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COKE-OVEN 


TaBLe 1.— Analyses of crude coke-oven 





General] information. 





| 
| 


Maximum 
Company and location. iypeat cae? ee 
retorts. 





{ 
| 





Solvay Process Co., Syracuse, N. Y.. 
vay. 
Semet-Solvay Co., Pennsylvania |..... Co tn ee 1050-1450° C. 
Steel Co., Steelton, Pa. 
Semet- Solvay Co. ui "National Tube |..... d 1050-1450° C. 
Co., Benwood, W. Va 
Semet- -Solvay oe Le eet eee Coke |..... do.....| 1050-1450° C. 
& Gas Co., Milwaukee, Wis. 
Semet-Solvay Co., Pennsylvania }..... do.....| 1050-1450° C. 
Steel Co., Lebanon, Pa. 
By-Products Coke Corporation, |..... do.....| 1050-1450° C. 
South Chicago, Il. 
Semet-Solvay Co., Detroit, Mich.....|..... do.....| 1050-1450° C. 
Semet-Solvey Co. } Empire Coke Gof s|se-s do.....| 1050-1450° C. 
Geneva, N. Y. 
Semet-Solvay Co., Dunbar Furnace ..do.....| 1050-1450° C. 
Co., Dunbar, Pa. 4 
Semet-Solvay Co., Central Tron & |..... do.. T2b0 Gite ee 
Coal Co., Tuscaloosa, Ala. 
Philadelphia Suburban Gas & Elec- ° 
{ tric Co., Chester, Pa. \...do noes 1050° C.....- 
| Semet-Solvay Co., Ensley, Ala.. ¢esO sca. -}: 1a ts = ee 
The New England Gas & Coke "Ok “Otto Hoff- |1 1100° C..... 
Everett, Mass. man. 
7 Steel Co., Lackawanna ae {free Civic 
Iron & Steel Co., Lebanon, Pa. aba SF (1800° F.)... 
Dominion Tar & Chemical Co., Syd-|-eee. do... (2 
ney, Nova Scotia. : 
: : (200 ee 
es Otto Coke Co., Hamilton, |..... Once 5 ie {(2000° 1 F,).2: 
F se nited |f1666° C...... 
Carnegie Steel Co., South Sharon, Pa. Otto. {(G000° F.).. 





Aas fA DIROGS ae, 
Citizens’ Gas Co., Indianapolis, Ind..}..... Gorsi.: (2200° F.) 
Pittsburg Gas & Coke Co., The ! 

poe Coke & Gas Co., Glassport, } me es Be (2) 
a. 
| 1222-1277° 
Zenith Furnace Co., Duluth, Minn - A Es do.....|42200 - 2300° 
) 
Ilinois Steel Co., Joliet, M........... Koppers . .|{/3590° 87). 
Illinois Steel Co., Indiana Steel Co., $i 
{ Gary, Ind. i ee: do..... 1100° C...... 
| Otto Hoft- 1000" Gia / 8 
Re en ne = man. 1800° F.). 
Camden Coke Co., Camden, N. J..... Peart ed {ia ae ie 
0. {(3500° 
(Otto Hoff- finn es Bee 
7 5, - H man.. 2000° ) se 
Cambria Steel Co., Johnstown, Pa... ‘\United jum ee 
\ Otto. |\(2000° F.).. 
(United oe Seth. 

_ Lackawanna Steel Co., Buffato, N.Y. OPER Oe a? 

: Rothberg . {aso Fi) be 











1 Approximately. 
2 No information. 


3 Varies with coal. 


Coal with 28 per cent of volatile matter used. 


4 With H.O 

5 At present. 
6 Variable. 

7 Trace. 


Semet-Sol- | 1050-1450° C. 
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Answers to questions. 
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tena Specific | Per cent | 
tira ta gravit of free a 
which ooal of jog e | carbon | 
tar 


is brought. 


8"Trace of solids. 
® Distillate, solid. 
10 Distillate, one-fourth solid. 



















in tar. | 
















950-1150°C.| 1.12+1.21 
950-1150°C.| 1,12-1.21 
950-1150°C.| 1,12-1.21 
950-1150°C.| 1.12-1. 21 
950-1150° ©.| 1.12-1.21 
950-1150° C.| 1.12-1. 21 
950-1150° C.| 1, 12-1. 21 
950-1150° CG.) 1.12-1. 21 
950-1150 C°.| 1,12-1, 21 
1150° C.... 1.17 
e 1.16 
1000 C..2.H (208 G Ife eroee 
not co | ge 
14200° C... 1.17 
’ 
1000° Cc... 
(soo?) f 1-10 24 
(2) 1.170 10-15) 
111°C... i 
(2000° F.). “\ . 1.14 “— 
1444° C.... 
| (io? sy 1.217. 09-10. 6: 
(2200° F:).) 81.19 1310 
(200° #9. M1. 145).15 
'( (50° F. 
(2 1.207 
| 10° ©. 
ho @ Oe | @ 
/ 1888° CL... 
| (3500? F). \1.16-1. 20 
ee ~ 950° ‘L174 
C. 1.1691, 
§3s° © ee 
-| (1500° F.).!|1. 20-1. 30 
1055° C..../f 5 (1. 221) 
(1900° F.). 
l1111°C.. 
(2000° F.). 
11111°C.... 
(2000° F-). 
000° C.. 
(1800° F.) 
1000° C.... 
(1800° F.). 


11 Distillate, nine-tenths solid. 
12 Distillate, three-fourths solid. 
13 Distillate, eight-ninths solid. | 
14 Distillate, one-half solid. ‘id 
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Distillation results. 
























Per Light oils} Middle Heavy Heavy Sen 
cent Water. up to | oils, 110°-| oils, 170°- | oils, 270°- Pitch. rial 
| soluble 110°C. | 170°C. | 270°C. | 315°C. Non: 
ran eps es ee eee 
r,| car- | of ash.jinclud-| b> [ma |b |b |e Pa) b> bb > mb > 
ps jeslesleslceles les] Ss |Sx| 2s [Se] Se [Se 
0. (G8) oe | 98/85/28) 85| 88 es) 28 les) sh les 
a Co oy Cg ors Co SS i ie) om Coa ies Og 
SE|/SFISPI SFI S> | SF) SF | SF) Se BF) BE BE 
Boe ity te Ra fee BS p Ay 4 ow ow py 
0. 12 92.12; 1.0) 0.8/80.3} 0.3) 0.8) 0.7) 1213.1) 11.5) 198.2) 7.3) 76.6) 79.1, 5126 
07 91.16; 1.0 .8 4 .3| 92.0) 1.7) 914.0} 12.3] 27.9) 6.9)26 74. 7| 77.6) 5123 
04 92.82) 1.1) 1.0) 1.9) 1.5 7 6| 14.9) 13. 2/21 11.9) 10. 6/27 69. 5} 73.1) 5124 
U5) «, 203.85), 1.8) 1.5] 1.4) 1.2 .8 . 6/18 21. 1) 18.9} 295.5! 4.9)25 69. 4) 72.5) 5137 
- 06 95. 23 .6 ore leOle f3 8 614 17. 5) 15.5) 199.4) 8.4) 70.1) 73.7) 5121 


.03; 92.48) (7) | (7) .4|  .3)12 1.1] . 9/15 23.6; 20.7] 99.8) 8. 9/27 65.1) 68.9) 5125 
-11} 93.33) 6.9] 5.9|92.8] 2.3] 9.4) .3/11 14.6! 13.0) 86.9) 5.7|2668. 4) 72.0) 5128 
.08| 93.85) 4.0] 3.4] 2.6) 2.1] .6)  .5/10 17.6) 15. 5/2211. 4} 10. 4/27 63.8) 67.7) 5200 
.02} 91.13) 2.0) 1.7] 1.7] 1.4) .2|)  .2/!6 20.0) 17.8) 16.5) 5. 7/% 69.6) 73.1) 5189 
602), ©. 94,93) + 3.21 2.8)°.2..41-'1.9 3) .3] 18.6, 16.3] 197.5) 6.8)27 68.0) 71.5) 5160 
| 
ma Od. OO. 2 3) 2. Ol: .2.3) 1.3) 1.2 8| 22.8) 19.5/19 13.6] 12.5) 57.8] 62.6) 5074 
06, 93.04 3.3} 2.8)81.41 LO} 2) .2)7 16.5, 14.1) 149.3) 8.2/7 69.3) 73.2) 5081 
-00; 86.06, 2.2) 2:0) 2.9 2 AR 5| 23.5) 20. 4/17 15.6) 14. 4/27 55.2) 59. 7| 5095 








85.82) 5.4, 4.4/91.4) 1. 
Suo 14 3.2) 2,8) -1.9 


11 13.0) 10.9} 219.4} 8.1) 70.7] 74.6) 5083 
27.2) 24.2) 197.3) 6.7/7 59.8] 63.5) 5159 


oe 

© 
aor 
oe 





91.57| 3.4] 3.01 3.1] 2.5] .7| .6| 27.9) 24.4] 193.8) 3.5/7 61.1) 64.9) 5107 
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00 83.20 2.7) 2.2) .5 .3)92.2) 1.7/911.7 9, 9/24 11. 8| 10.227 71. 1) 75.0) 5089 
22 Distillate, two-fifths solid. 
‘6 Distillate efter ee 23 Distillate, one-seventh solid. 
ut Distillate, seven-eighths solid. 24 Distillate, Lape ah solid. 
18 Distillate, one-ninth solid. 2% Pitch, soft and sticky 


ft and sticky. 
19 Distillate, one-third solid. 26 Pitch, very so 
20 Distillate, one-sixth solid. 2 Bitch, bere ane brittle. 
a Distillate, one-fifth solid. itch, Pp 
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interior of the coal block, with the fire-resisting gases escaping at the 
same time from the outer zone of the block. On the other hand, in 
the case of gas retorts, the heavy vapors escape at once undiluted 
by the fire-resisting gases which are set free afterwards, and the 
heavy gases are thus exposed to the white heat of the upper part of 

the retort.”’ | 

Answers given by the manufacturers with respect to this question — 
indicate only an approximate knowledge. In general it may be said 
that carbonization below 970° C. is considered low temperature; from 
970° ©. to 1,100° C., medium temperature; and from 1,100° C. to — 
1,540° C. high temperature; and that modern gas-house practice 
involves the use of high temperatures. However this may be, it is 
not the purpose of this circular to compare coke-oven tars with gas- 
house tars, but to consider the former with relation to their utility 
as road materials. 

From a total of 31 manufacturers to whom the questions were kale 
mitted 30 replies were received, but 4 of these reported their plants 
as not in operation. The remaining 26 furnished samples of their 
erude tar for examination and answered the questions in so far as 
they were able. Upon receipt of each sample the entire contents of 
the package were thoroughly mixed and a representative sample 
taken for analysis. The results of these analyses, together with the 
information furnished by the manufacturers, are given in Table 1. 
in this table the different tars are grouped according to the type of 
oven in which they were produced. 

In columns 4 and 5 all temperatures are expressed it in degrees 
Centigrade, although where the manufacturers gave the temperatures 
in degrees Fahrenheit their statements are shown in parentheses. 
In column 5 it will be noticed that statements relative to the maxi- 
mum temperature to which the coal is brought during distillation 
indicate that two of the plants run below 970° C., that a total of © 
22 run not over 1,150° C., that 9 run from 950° C. to 1,150° C., and 
that only 5 run above 1,150°C. The maximum temperature of — 
firing the retorts is, however, reported in most cases as being higher — 
than the maximum temperature to which the coal is brought. . 

The maximum percentage of free carbon reported is from 16 to 24 
per cent, but 17 manufacturers reported the maximum percentage of © 
free carbon as being 12 per cent or under, and only 4 as 16 per cent 
or over. | 

Analyses of the samples received were made in accordance with the — 
methods described in a former publication ! of the office. The work 
consisted in determining the specific gravity, free carbon, or organic © 
matter insoluble in ¢. p. carbon disulphide upon a 15-minute digestion — 
at room temperature, material soluble in carbon disulphide, percent- 
age of ash, and per centage of different fractions obtained by distilling 
a 250 c. c. sample in a 750 ¢. c. tubulated glass retort with the ther- 
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mometer so placed that the top of the bulb was level with the bottom 
of the juncture of the stem and body of the retort.- 

Tt will be noted that the gravities of the samples examined range 
from 1.133 to 1.214 and that the great majority are lower than 1.200. _ 
This in itself indicates low percentages of free carbon. The mini- 
mum percentage of free carbon was 2.73, the maximum 16.80, and the 
average for the 26 samples 8.38. Eighteen samples contained less 
than 10 per cent of free carbon and 8 more than 10 per cent. About 
two-thirds of these products might, therefore, be considered as low- 
carbon tars and the otner third as medium-carbon tars. The amount 
of ash m no case exceeded 0.16 per cent, and in most eases it was 
practically nil. This is, of course, also true of practically all gas- 
house coal tars. The percentage of water present varied from a 


‘trace to 10.1 per cent by volume, but in only 3 instances did it exceed 


5 percent. Water is a variable, depending upon a number of condi- 
tions, and, as it is not a part of the true tar, has been eliminated 
in Table Ii. Before leaving Table I, however, it is of interest to note 
that 14 of the pitch residues, remaining after distillation had been 
carried to 315° C., were either soft or plastic—-a condition which has 
seldom been noticed by the author in the distillation of gas-house 
coal tars. The amount of solids which crystallized or precipitated 
out of the different fractions was found to vary greatly, as shown 


. in the foot-notes to Table I. 


TaBLe II.—Analysis of coke-oven tars upon a water-free basis. 





Fractions by weight. 





Serial P cure 
a. Pype of oven. free car- | Pereent- | Percent- | Percent- | Percent- | Percent- 
é bon. ageup | agefrom | agefrom | agefrom | age of 


to 110°C. |110-170° C.]170-270°C.|270-315°C.| pitch. 


2 ee ee 











Sere) Demet-folvay..:................ 7.82 Q. 30 0. 70 11. 59 7.35 79. 73 
5123 |....- METER ERIMER, Fo6 =< - ohy ws ods 8. 84 30 1.71 12. 39 6. 95 78. 22 
5124 |..... Re Se Bentsen am vin wane 7.21 1. 55 - 60 13. 33 10. 70 73. 83 
Lee OE SE ® SES ee Eee 6.19 1.21 . 60 19.18 4.97 73. 69 
kg Aa ES 3 aE eee ae 4.73 1. 30 . 60 15. 57 8. 44 74. 07 
5125 |....-. pL Eee ee 7.49 30 . 90 20. 70 8. 90 68. 90 
R123}... . A Se a ee ee 6. 97 2. 44 31 13. $1 6. 05 76. 51 
Dives 2 8 a SNe go are eae 6. 28 2.17 51 16. 04 10. 76 70. 08 
5189 |... .. tec fac << atm, 9. 00 1, 42 20 18. 10 5. 79 74. 36 
5160 |..... og St eS ere 5. 19 1.95 30 16. 76 6. 99 73. 55 
5074 }..... oe Se 4. 04 1. 32 81 19. 89 12. 75 63. 87 
= 5081 bee... OR A a eee 7. 09 1. 02 . 20 14. 50 8. 43 75. 30 
feont Uteo ErOliman......-........-.-. 14. 22 2. 34 -51 20. 81 14. 69 60. 91 
fia “| oo Se SPRL SE ee 14. 69 1. 46 - 10 11. 40 &.. 47 78. 03 
J 3 eee oe Ae oe es 11.12 1. 54 5k 24. 89 6. 89 65. 32 
GLOy |... .. US bo at a ea 8. 62 2. 57 - 61 25.15 3. 60 66. 90 
Mamamersiibed OttO......:.-...--.------ 7. 96 1. 21 - 40 10. 30 9.79 78. 28 
5078 |.-... NA SEATS eet eee noe 8. 60 91 - 40 15. 29 8. 61 74. 16 
5087 |..-.. eh 2 5. 26 - 91 1.31 21.63 10. 51 65. 41 
5109 }..... Oe ee oe eo eae 10, 63 - 90 - 40 23. 83 6. 36 68. 28 
5122 |..-.- ee Seah ae aces 12. 55 1. 34 : a i es ia - oo 
SRTIRSMIDO@USS 2. 0. 046500. nse 5s--- 3.95 1.21 . . . . 
5404 |... ith eee ree 2. 81 1. 03 . 30 19. 07 6.70} ' 72.37 
5108 | Otto Hofiman and United Otto.. LL. 51 1. 42 50 18. 55 7. 64 71.45 
ly? oe Ny PE o's wie vereig «des acs- 13. 52 2. 50 a4 6. 65 7. 52 81. 57 
5089 | United Otto and Rothberg....... v7 97 t . 30 | 1.73 10. 12 10. 42 | 76. 68 








The results given in Table II are calculated upon a water-free 
basis—i. e., the percentages are expressed in terms of the actual tar 
exclusive of water. Considering these products according to type, 
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it will be seen that the tar produced by the Koppers ovens contains 
the lowest percentage of free carbon, the Semet-Solvay tars the 
next lowest, the United Otto next, the Otto Hoffman next, and 
the mixed tar from the United Otto and Rothberg ovens contains 
the highest percentage of free carbon. For the sake of comparison 
the minimum, maximum, and average percentages of free carbon 
for each of these types are shown in Table III. 


TaBuLE II1.—Percentage of free carbon in coke-oven tars. 


[Water-free basis. ] 





Percentage of free carbon. 
Type of oven. 
Minimum. |Maximum.| Average. 





Toppers: 2/3. ShHe EE eh ERG eee eee 2. 81 3.95 3. 38 


BENLOL-CORV AY ncn Mek hee ee Re Rte oe a we Pon gunna aes ag Serene 4. 04 9. 00 6.74 
Amited, Ottoists < fire yee be sis Ree Ee eee 5. 26 12. 55 9.00 
LCOS ORIG Sass ot Ot eae hes See a ee Ra ee 8. 62 14. 69 12.16 
Otto Hottman andsUnited: Otto (mixed) ot 7 Sek se ees eee 11. 51 13. 52 12. 51 
United: Otto:and Rothberg (mixed ) items: a. . fee ee ee es BSL. WR 17.17 





The percentages of various fractions for the different types of 
tars overlap to such an extent that no detailed comparison will 
be made. The maximum, minimum, and average total distillates 
to 315°C. for the different types are, however, given in Table IV. 


Tasie LV.—Percentage by volume of total distillate to 315° C. in coke-oven tars. 


[Water-free basis. ] . 





Percentage by volume. 
Type of oven. 
Minimum. |Maximum.| Average. 





SMG OP DOL SS 8 Sc acs oat tints oe CE TER Petes oe Oe Ee ace a See Oe ee 30.5 36.0 33.3 


Pemel-Solvayee occ. cb eos Oat eke R Pa ek tee oe eee ore 22.6 40. 8 29.9 
United Otto tl soutsks Coeds Fo oe ooo bt ls ee ee 25. 6 38. 5 32. 6 
ito Hoffmant.:.. 3 7. Re See te eo en cote 25. 3 43. 6 36. 0 
Otto Hoffman and United Otto (mixed) Bes 58 Sean gee ns. Bald Be Sst 19.9 32.1 26.0 
hited Otto.and Rothbers (mixed). 2. .205e... Soe eee ee 26.9 26.9 26.9 


From this Table it is evident that wide variations exist in the 
relation of total distillate to pitch residue in the coke-oven tars 
produced in this country, and this is even true of different tars 
produced by the same type of oven. 

Straight coal-tar road binders or refined coal tars are usually 
manufactured by subjecting the crude material to a process of dis- 
tillation with or without steam or air agitation. Distillation is 
carried to the point at which the residuum remaining in the still has 
obtained the desired consistency at normal temperatures, and this 
involves the removal of certain of the more volatile oils present in 
the crude material. For use in construction work a soft and almost 
fluid pitch is often produced, and the consistency of this pitch is 
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controlled by means of a melting point or float test. When the 
erude tar runs abnormally high in free carbon, it is sometimes mixed 
with crude water-gas tar before distillation. Water-gas-tar con- 
tains a very low percentage of free carbon, and by properly propor- 
tioning the two a product is obtained, upon distillation, which 
does not carry more than the maximum limit of free carbon set by 
manufacturers. What the maximum limit should be is a much 
mooted question among those who have given thought to this mat- 
ter. The governing considerations are: (1) What is the most econom- 
ical limit from the standpoint of manufacture? and (2) What is 
the proper limit with regard to the utilization of the product as a 
road material? For a number of reasons, which it is unnecessary 


_ to mention in this circular, an excessively high-carbon tar is difficult 





to distill properly and, with other things equal, the lower the per- 
centage of carbon the easier and shorter the distilling process. From 
this standpoint, therefore, by-product coke-oven tars are well adapted 
to the manufacture of road binders. Moreover, because of their 
low percentage of free carbon, they may be employed in a manner 
similar to water-gas tars, when it is desired to utilize a crude high- 
carbon tar in the production of a medium-carbon tar road binder. 

In an ordinary road tar for use in construction work where free 
carbon is present to the extent of about 20 per cent, the proportion 
of total distillate, below 315° C., to pitch residue is approximately 
1 to 4. Where this relation exists the pitch residue is hard and 
brittle. A residue which is soft or plastic is to be preferred, as 
it would indicate longer life during service, and where such a residue 
is present the proportion of distillate would naturally be lower 
for a given consistency, as the distillates may be considered as 
fluxes for the residues. If such is the case, it is evident from the 
foregoing tables that coke-oven tars offer a valuable source of supply 
for tar road binders. As an example, even the highest-carbon 
tar, No. 5089, if distilled to the point where the proportion of dis- 
tillate, below 315° C., to the pitch residue was as 1 to 4, would con- 
tain less than 19 per cent of free carbon, which is at present con- 
sidered as not excessive for a refined coal tar. 

In conclusion it may be said that indications point strongly to 
the fact that by-product coke ovens will eventually play a most 
important part in the road-material industry, and it is to be hoped 
that their general adoption in this country will be rapid. The 
future demand for economical bituminous road binders in the United 
States will undoubtedly exceed the supply, and this in spite of the 
natural increase in petroleum and asphalt road binders. If such 
is the case, the present loss of enormous quantities of tar, to say 
nothing of gas and ammonia, because of the use of beehive ovens, 
is a matter worthy of the utmost consideration on the part of all 
who are interested in the conservation of our resources. 


O 


rery 


Sere a ars 
RAT AERTS 


. \ 
~ eV? ‘ 


EP RAY 





i > “—"e7" 
a's a NU) ar i 

"i ‘y Mae 

; } Pye rh wy 
> ) i pie 





Ries 
ek Issued December 12, 1912, 


6 U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PUBLIC ROADS—Circular No. 98. 


LOGAN WALLER PAGE, Director, 


PROGRESS REPORTS OF EXPERIMENTS 
IN DUST PREVENTION AND. ROAD 
PRESERVATION, 1911 


ay) PREPARED BY THE OFFICE OF PUBLIC ROADS. 








WASHINGTON 


4 GOVERNMENT PRINTING OFFICE. 
La 1912. 





LETTER OF TRANSMITTAL. 


UniITED STATES DEPARTMENT OF AGRICULTURE, 
OrricE oF Pusiic Roaps, 
Washington, D. C., April 8, 1912. 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST PRE- 
VENTION AND ROAD PRESERVATION, 1911. 


: INTRODUCTION. 

During the year 1911 the Office of Public Roads practically com- 
pleted the series of experimental sections at Ithaca, N. Y., and 
established a set of comparative tests at Chevy Chase, Md., and at 
Jamaica, N. Y. This circular contains the details of the methods 
pursued, together with the cost data and analyses of the materials 
used. The earlier work of the office along similar lines has been 
published in Circulars 47, 89, 90, 92, and 94, and the recent inspec- 
tions of this past work will be found under the general title of “Sup- 
plementary reports,’’ following the descriptions of the 1911 work. 


EXPERIMENTS AT CHEVY CHASE, MD., 1911. 
TARS AND NATIVE AND OIL-ASPHALT PREPARATIONS. 


The work at Chevy Chase, Md., consisted of a series of compara- 
tive tests of bituminous binders now on the market, applied according 
to the specifications of the manufacturer. The road selected is an 
extension of Connecticut Avenue, Washington, D. C., and the work, 
which began at the District line at Chevy Chase Circle, extended 
through Chevy Chase to Bradley Lane, a distance of 3,300 feet. This 
road is subjected to a wide range of traffic, consisting of country and 
heavy automobile traffic during the entire year, and much hauling of 
materials of construction from the railroad station during the season 
favorable to building and development work. 

The middle 17 feet of the road are occupied by a double-track 
electric-car line. The road was built 19 feet wide from the outside 
rail on each side with a crown of three-eighths of an inch per foot for 
the first 10 feet and one-half inch per foot for the remaining 9 feet. 
A cobblestone gutter was laid adjoining the paving. The bitumen 
was applied by the penetration method and the characteristics of the 
materials used will be found in tables at the end of this article. 

The original roadway was built by dumping crushed stone and 
eravel into holes on the right of way as they developed under traffic 
until the depth of the stone finally varied from 2 inches to 14 inches 
on a micaceous clay subgrade. This stone was distributed so irregu- 
larly that only 140 cubic yards were saved for replacing. The old 
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roadway was spiked up with a steam roller, the surface broken with 
a plow drawn by a team, and excavation of the subgrade completed — 
by hand. French drains 24 feet deep, immediately under the gutters 
and along the car tracks, supplied underdrainage where required. — 
As the work was done late in the season surface ditches were dug 
along the outside edge of the subgrade where there were no French 
drains to facilitate subgrade drainage during the construction. 

The stone was laid and rolled in courses. The final depth of the 
foundation course was 54 inches compacted, and that of the wearing 
course was 24 inches compacted, except in certain places, where 
other figures have been given in the description of the individual 
sections. The size of the stone varied according to specifications for 
the material, but the completed thickness of all the sections was 
approximately 8 inches of compacted material. It was supplied in 
all commercial sizes at a cost of $1 per ton f. 0. b. cars at the Chevy. 
Chase siding and was hauled to the work at an additional cost of 47 
cents per ton. 

The bitumen was donated by the manufacturers and the freight 
charges were included in the project. Application of the bitumen 
was begun 2 feet from the outside rail to permit repairs to the car 
track without disturbing the finished surface. The strip between 
the car tracks and the bituminous work is water-bound macadam. 
The bitumen was applied under the direction of a representative of 
the manufacturer donating the binder and such minor variations 
from the specifications as occurred were acceptable to the manu- 
facturer. The sections are discussed in the order of their location 
and the following tables show the general character of the bituminous 
binders used. 


TaBLE 1.—Analyses of refined coal tars used at Chevy Chase, Md. 





Materials. Light. Heavy. 
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lost best (time). czecee?. 45 Pare. 2G e OE Se eeget. crt 47 seconds 1.._.943 2 Tone 30 sec- 
onds, 2 
Per cant. ai free carbon. ssaz. 222. syd-belysss eyed. 225- ee 23,35; Toye. Sea! 29.60 
Per Per Per ' Per 


cent by | cent by | cent by | cent by 
volume. | weight. | volume. | weight. 








an pg 

BUOP cee oe Beas yO ite pita 5 cae ails con hee ee eee IY 1.0 0.0 0.0 
First light olls-to 110%C. AG sss A eS SR ee 31.0 Pf 42 -2 
Second light ollg 110° G:-170° 0. Fosse wateeee ae aad 67 5 4.8 -6 
Heavy ols 170%CH2702' Cy 4. f22te Se AD AS, 6 20. 4 16.8 712.5 10.2 
Heavy Olls 270° CnG16 Oss, act eB ee ee 87.4 6.5 48.9 7.5 
Pitehresldne. 2h. REM ES. OE, CARB EE, OS 9 69.3 74.3 977.6 81.4 
| 100. 0 99.8 100. 0 99.9 

1 At 32°C. 4 Solid. 7 One-third solid. 

2 At 50° C, 6 Turbid. 8 One-sixth solid. 


3 Clear. 6 Two-thirds solid. 9 Hard, dull, brittle. 
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TABLE 2.—Native and oil-asphalt products used at Chevy Chase, Md. 





Fluxed | Gilsonite : . : 
Materials. native oil- Oil- Oil- Oil- 
asphalt. | asphalt. asphalt. | asphalt. | asphalt. 










i ot heehee See. 3. Sec. 4. Sec. 5. 


I . Sec. 6. Sec. 7. 
pecwnc mravivy 20) /25° Ci... eee eee eee 1.058 0. 974 0. 999 0. 989 0.973 

ee ee 46 52 74 47 90 
Penetration (5 seconds, 100 grams, 25° C. [mm.])..... 12. 80 14. 60 7.30 9. 40 5.50 
Per cent of loss at 163° C., 5 hours (20 grams)......... 2.14 AY -05 . 68 . 44 
menerrationo: residue (MmM.).........5.......4.----- 15.60 29,90 36.50 17,90 45.00 
Per cent of total bitumen insoluble in 86° B. paraffin 

ER eR OTS ee ae a ee 20.78 21.13 24. 68 20. 10 26. 20 
meer Or aeOG Carpon......2.....................- 10. 64 7.79 13.53 8.36 10. 15 
Per cent of bitumen soluble in CSe................... 94.51 99. 81 99. 46 99.59 99. 82 
Organic matter insoluble... :....2:........20. 2052... 1.00 -12 50 . 28 15 
EE AS Re Le pa Bx ote ahead 4.49 07 04 13 - 03 





100. 00 109. 00 100. 00 100. 00 100. 00 


1 Sticky, glossy surface. 3 Sticky, slightly mottled surface. 
2 Mottled surface. 4 Hard, fairly lustrous. 


SsectTion No. 1.—REFINED CoAL TAR—PENETRATION METHOD. 


This section begins at the District line on the west side of Chevy 
Chase Circle. It is 513 feet long, of varying width, and contains 
1,581 square yards. 

The wearing course consisted of 3 inches of loose stone from 3 
inches to ‘1 inch in the largest dimension. After rolling lightly, an 
application of 1.8 gallons of heavy refined coal tar per square yard 
as made at temperatures varying from 200° F. to 300° F. Screen- 
ings from # inch to dust were thickly spread over the surface and 
the course was thoroughly rolled with a 10-ton standard type steam 
road roller. When the rolling was completed, all loose screenings 
were carefully swept into heaps with rattan hand brooms and removed. 
A second application of the tar of 0.8 gallon per square yard was then 
applied, and this in turn was covered with screenings similar to those 
used before. The road was then rolled until compacted. 

The tar was supplied from a local plant in tank wagons heated and 
ready for application. The tank wagon was connected to the roller 
by a steam hose and the bitumen was applied to the road surface 
through a nozzle under pressure. Besides the roller man, two men 
were required to apply the bitumen. 


Srorron No. 2.—REFINED Coat TAR—MODIFIED GLADWELL METHOD. 


This section is 373 feet long and contains 705 square yards of 
treated surface. The essential difference in type between this and 
section 1 lies in the fact that a cushion of Potomac River sand 1 inch 
thick was spread evenly over the foundation course and given an 
application of 1.18 gallons of the light refined coal tar per square 
yard. After absorption of the tar by the sand, the wearing course 
of from 3-inch to 1-inch stone, 3 inches thick before compacting, 


eS en era ae 
. t ee) rm 7 4] ¥ 
‘a -~ 7 

























8 DUST PREVENTION AND ROAD PRESERVATION, 1911, 


was spread and the surface completed as in section 1. An average 
of 1.95 gallons of the heavy tar per square yard was applied as the 
second coat, and 1.02 gallons per square yard as the seal coat. The 
construction was varied in that the wearing course of stone was very 
thoroughly compacted, so that all low spots were developed and 
brought to grade before applying the tar. As a consequence of this, 
the surface on section 2 presents a more even appearance than that of 
section 1. 

These sections were surfaced between October 15 and October 31, 
1911, and of this time there were five days on which rain fell and six 
on which the mornings were very foggy. The maximum tempera- 
ture at 3 p. m. was 63° F., the minimum 44° F., and the mean at3 
p.m. for the period was 50° F., with the wind generally from a north- 
erly direction. | 


Srction No. 3.—FLuxep NAtTivE ASPHALT—PENETRATION METHOD. 


This section adjoins section 2 on the north. It extends from sta- 
tion 4-+98 to station 13421 on the west side of Connecticut Avenue 
and comprises 1,555 square yards. | 

The wearing course consisted of crushed hard limestone from 2 | 
inches to 1 inch in size, spread 3 inches thick before being compacted. 

The bitumen was applied by means of hand-pourimg pots, after 
having been heated to a temperature of from 340° to 360° F. in 
100-gallon kettles. 

The first application of asphalt was made after the wearing course 
had been thoroughly compacted with a 10-ton road roller. It consisted 
of an average of 1.46 gallons per square yard. Chips ranging in size 
from $ inch to } inch were applied and the surface was rolled, after 
which all excess of chips was removed by sweeping with rattan hand 
brooms. A seal coat of 0.5 gallon per square yard was then applied, 
covered with screenings as above, and rolled. The total amount of 
screenings applied was approximately 1 cubic yard to each 36 square 
yards of surface. Owing to a slight shortage in bitumen some of the 
refined semiasphaltic oil used on Bradley Lane was applied as a seal 
coat over the entire width of the roadway from station 4+98 to 
station 5+13 and over a width of 3 feet along the gutter or outer 
edge of the pavement from station 5+13 to station 6+63. 

This section was surfaced from November 15 to November 18, 1911, 
inclusive, when the weather was particularly cold and raw, though 
fair. The maximum temperature at 3 p.m. was 55° F., the minimum 
44° F'., and the mean 47° F. The wind was generally from the north. 
Owing to heavy rains just preceding the application of bitumen to 
this section, it was necessary to dry all the screenings in dfying pans 
to insure satisfactory results. ) 
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Section No. 4.—GILsonirE O1l-ASPHALT—PENETRATION METHOD. 


Section 4 adjoins section 3 on the north. It extends from station 
13 +21 to station 21+44 and comprises 1,555 square yards of sur- 
faced roadway. 

The wearing course of stone consisted of particles ranging in size 
from 2 inches to 1 inch in diameter, spread to a depth of 3 inches 
before compacting. This was rolled lightly before the application of 
bitumen, which was poured by hand in two courses, as in the case of 
section 3. The first application consisted of 1.65 gallons and the 
second of 0.55 gallon per square yard. Screenings were spread spar- 
ingly after the first application, and brooming before applying the 
seal coat was considered unnecessary. The total application of 
screenings amounted to approximately 1 cubic yard to each 48 square 
yards of paving. From station 13 +21 to station 17 +35 chips vary- 
ing in size from ? inch to } inch were used, while over the remainder 
of the section screenings ranging in size from ? inch to dust were used. 
Upon completion the section was rolled with a 3-ton tandem roller. 

This section was surfaced from November 3 to November 8, 1911, 
inclusive, and during this time the weather was cloudy and damp. 
Northerly winds predominated. The maximum temperature at 3 
p. m. was 68° F., mmimum 45° F’., and mean 54° F. The screenings 
for this work, however, were not heated and dried. 


Section No. 5.—O1mL-ASPHALT—PENETRATION METHOD. 


This section lies on both sides of the car tracks. On the west it 
extends from station 21 +44 to station 25+82 and on the east from 
station 22+01 to station 25+82. It comprises 1,447 square yards 
of finished pavement. 2 

The stone of the wearing course consisted of limestone crushed to 
sizes ranging from 2 inches to 1 inch in diameter, spread 3 inches 
thick before compression. It was thoroughly compacted before the 
application of the binder. The binder was heated to temperatures 
varying from 330° F. to 360° F., and applied by hand-pouring pots 
as in the case of section 3. The first application was at the rate of 
1.69 gallons per square yard. Chips from ? inch to } inch in diameter 
were then spread sparingly over this course of bitumen and the sur- 
face was thoroughly rolled. Brooming was considered unnecessary, 
and the second application of 0.56 gallon per square yard was poured, 
and was followed by chips from ? inch to } inch in size. The sur- 
face was then rolled until firm and smooth with a standard type 10- 
ton road roller. 

This bitumen was applied between November 27 and December 2, 
1911, and during this time heavy rainfalls prevented continuous 
work. The weather at the time of application was cloudy and cold, 


62450°—12——2 
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with a maximum temperature at 3 p. m. of 56° F., a mmimum 
of 37° F., and a mean of 47° F. The prevailing wind was from the 
north. | 

All chips used on this section were heated and dried. They were 
applied at the rate of approximately 1 cubic yard to each 48 square 
yards of surface. 


SrectTion No. 6.—O1mL-ASPHALT—PENETRATION METHOD. 


This section extends from station 25+82 to station 30+20. It 
lies on both sides of the car tracks and comprises 1,555 square yards. 
The wearing course consisted of limestone crushed to sizes ranging 
from 3 inches to 1 inch, spread to a depth of 34 inches before com- 
pacting, and thoroughly rolled before the application of the bitumen. 

The bitumen was applied by means of hand-pouring pots as in 
the preceding cases and the first application amounted on the average 
to 1.56 gallons per square yard. Immediately following this appli- 
cation, the roadway was covered with a coating of chips from ? inch 
to 4 inch in size and rolled, after which it was thoroughly swept with 
rattan hand brooms. An application of 0.53 gallon of a harder grade 
of the same material was then made and this in turn was covered 
with chips and rolled. The screenings were spread to such thickness 
that 1 cubic yard covered approximately 30 square yards of surface. 
All the screenings for this work were heated and dried. 

This section was surfaced from November 21 to November 23, 1911, 
while the weather was fair but cold. The maximum temperature 
at 3 p.m. was 50° F., minimum 41° F., and mean 45° F., with a pre- 
vailing northerly wind. 


Section No. 7.—Or-ASPHALT—PENETRATION METHOD. 


This section les on the east side of the car tracks. It extends 


from station 16+83 to station 22+01. It is made up of two dis- 
tinct tests, the first of which consisted of a one-coat application 
extending from station 16+83 to station 21+32, and the second of a 
two-coat application from station 21+32 to station 22+01. 

The wearing course of stone was identical in both tests. It con- 
sisted of a layer of stone ranging from 1 inch to 24 inches in size and 
spread to a depth of 34 inches before compacting. 

The application of the bitumen in two courses was similar to that 
of the preceding sections. The first application was made at the 
rate of 1.66 gallons per square yard and the second at 0.6 gallon per 
square yard. Chips from ? inch to } inch in size were used sparingly 
between the two courses and brooming was considered unnecessary. 

In the case of the one-coat test a small amount of stone chips, 
ranging from 1 inch to 4 inch, were spread over the surface of the 
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wearing course of stone after it had been thoroughly compacted, for 
the purpose of partially filling the coarse surface interstices and 
leaving the surface free from the larger irregularities due to the 
coarse stone. The hot oil-asphalt was then poured evenly over this 
surface at the rate of 1.86 gallons per square yard and followed by a 
layer of chips ranging from ? inch to } inch. The section was rolled 
until there was no further evidence of compressibility. The total 
amount of chips used was approximately 1 cubic yard to 48 square 
yards of surface. The chips were dried before applying. 

This section was surfaced on December 2 and December 5, 1911, 
with the temperature at 3 p. m. 46° F. and 44° F., respectively, the 
weather fair-and the wind moderate. 

The application of bitumen to this section was not supervised by 
the representative of the manufacturer. 

On the east side a plain water-bound macadam road was built 
from station 16+83 to the District line. It is proposed to treat this 
with bitumens applied as surface treatment. This work will be done 
in May, 1912. _ 

The cost of the work was borne by the Office of Public Roads and 
the tax payers’ committee of section No. 2, Chevy Chase, Md. 

The following unit prices prevailed: 


ICE ee 1 OUTS con. sso apie tes ws a8 bse cele noe ovine oe eens $4. 00 
te 0 OL O NOUS... sais sn ne + ie Sekt se elke eee eh Ee Pee ti) 
ES RE DOULS Sacco k oo we Wine aid spe win age oh ene peel sities 3. 50 
i MTSIRE Se cn Ee ole on = Bo ats eS elanens ae ai Sein Et { ae 
I ck Soon ee ah via one stele ne = ie ww ty howe bows eee 9. 00 


Hand tools and small equipment, together with contractor’s profit, 
amounted to 124 per cent of the total of the above-named items. 


Sree miiver: per day. o1 9 hoursi.......0...-..-.--.--- 2848s sis seueee $5. 00 
Horse, cart, and driver, per day of 9 hours.............-+.----------2--e505 3. 00 


The cost data do not include rent on roller, heating kettles, and 
sprinkler. 
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\ 
TasiEe 3.—Materials and complete cost data 7 Connecticut Avenue section at Chevy 
Chase, M 
SUBGRADE. ; 
wa E - ‘ F Subgrade 
i eis Spiking. ade Shaping. | Rolling. comments 
Quantity (square yards).......---------+--|-------+-+-+- 12, 903 12,903 |. 2 eee 12,903 
Oe eS sat eee ete Se ee See $57.09 | $1,426.15 $429. 34 $78. 54 $1,991.12 
ens SP oF free Niens a 2405 (nae. Ge ee 37.43 | 5.13 
Total acs fe. Ue coon ares eee ee 81.74 1, 426. 15 429.34 106. 02 2,043. 25 
Cost per square yard (cents)....-.--------- - 63 11.05 3.33 . 82 15.83 
Se a =e SSS | tna eenesenne 
Parcont of i0tel.cost...2..2 tt» 24-5 Bene 5 8.1 2.5 -6 | 11.7 
SS Ee Oe ee 
DRAINAGE. 
te Oe ee 
7 French | Sinch |Subgrade 
rene ine u : 
, : : Gutters. | Catch Drainage 
Items. drain. | bell pipe.| ditches. 
(Feet.) | (Feet.) | (Feet.) | (Feet-) | basins. | system. 
Ponti ty. 2: Shame tte ARO cae 3, 084 465 2,980 5,741 aN 2 Ae 
La DOLss tees. s esac Sosa ae. Sener ee $492. 66 $73.02 | $115.36 | $904.75 $24.35 | $1,610.14 
MPGTCRION: softest ena ace Cee eee er 704. 00 87.57 236. 49 218.39 30.53 | 1,276.98 
TOUR Reet eee sence tee ee 1, 196. 66 160. 59 351.85 | 1,123.14 54.88 | 2,887.12 
Cost per square yard (cents)............-.- 9. 28 1, 24 2.73 8.52 | - -43 225204 
Pericentol. LOLaUCOSUis. = asciae: = 1s eee ee 6.8 io 2.0 6.4 .3 16.4 
SURFACING. 
) 
: Applica- 
Stone on| Spread- | Bitumen | ~}* ; Surface 
Items. work. | ing stone.| on work. ee Rolling. |.omplete. 
ROTA T yo ee ee Sie Scrk aN Fo eee 1 4660.6: | cece eee 29,377.| 212,903 |... ae 
DADO ce eee ete cen one oe Do ae ee ee Cee eee $665. 98 $85.91 | $249.03 | $314.01 | $1, “$1,314. 93 
Material Sec et Be oe po se i ee $8,398.20 |.........- 302.40} 49.28 | 109.95] 8, SS850°83 
LOLE aoe oe toe ote aetak trian ee eee oreo 8,398. 20 665. 98 388. 31 298. 31 423.96 | 10, “10, 174. 76 76 
Cost per square yard (cents)............-.. 65.05 5.16 3. 01 2.32 3. 28 78. 82 
IPELICONLOMLOLal COSt.< so seeee oe ee e2ka79 3.8 2.2 Ve 2.4 57.9 
1 Cubic yards. : 2 Square yards. 4 
INCIDENTAL. 
Superin-| Watch: | wiscel- | Drying Hanating Total 
Items. tendence.| “); ghte. laneous. | stone. ings. cost. 
Fs) ee Fae Be NS Saas Soe $419.75 | $202.50 | $275.94 | $134.20 | $391.68 | $6,340. re 
Material...:3..2ic2dgneedesken caeamete s eeeeee 150. 00 699. 90 181. 57 ee 11, 220. 41 J 
OlaL. CT eop ton eee eee 419. 75 352. 50 975. 84 315. 77 391.68 | 17,560. 67, 
Cost per square yard (cents)............... 3. 25 2.73 7.53 2. 45 3.03 135. 
Per cont of total cosh. Se eee 2.4 2.0 5.bs 1.83 2.23 | > 99.9 
. 
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EXPERIMENTS ON BRADLEY LANE, CHEVY CHASE, MD., 1911. 
OIL AND MOLASSES-LIME. 


In addition to the series of tests on Connecticut Avenue extended, 
two experiments in surface treatment were conducted oa Bradley 
Lane, which is a roadway crossing Connecticut Avenue at the north 
end of the experimental sections. It is a macadam road, which was 
resurfaced in the spring of 1911 and presented a smooth, well-bonded 
surface. 


ExpPERIMENT No. 1, Sections Nos. 1, 2, AND 3.—REFINED SEMIASPHALTIC OIL. 


Section No. 1 begins 50 feet west of the west rail of the Connecticut 
Avenue car tracks. It is 811 feet long and comprises 1,216 square 
yards. The oil was applied at a temperature of 170° F., approxi- 
mately, and was spread in two courses, the first of which consisted of 
0.61 gallon per square yard and the second of 0.31 gallon per square 
yard. The characteristics of the material used are shown in the fol- 
lowing table: 


TABLE 5.—Analysis of refined semiasphaltic oil 1 used in experiment No. 1 on Bradley 


Lane. 
Mpece era vity- 252/25 7 Gir srweae sets oners fa lee ae ee eis oa 0. 972 
Viscosity, Engler 100 c, ¢: at 100° C. specific:: 2... a 9.5 
Per cent of loss:at 105° C., 11 hours (20 grams)... -......--...-.> == 2.1 
Per cent of loss:at 163°:C,, 5 hours (additional). .<.-.....-..102 nese . 68 
Floattest’ on residue? at 32° ©:.(time). 2... cum nie le uel se 4’ 48/” 
Per cent of bitumen insoluble in 86° B, paraffin naphtha. ..............-.. 8. 7a. | 
Per cenit; of fixed carbon... %.' 2. ). <3. fecepeeplccreg ote au ope ee 7.38 
Per cent of bitumen soluble in CS, (total bitumen).................-.....- 99. 79 
Organic matter insoluble: ;.... 0:9... AOS. eae jee ule 19 
Inorganic matter............ wae die cece ae ch aee cnc ce cee oot er . 02 


100. 00 


The road surface was swept with a horse-drawn rattan street 
sweeper, followed by hand push brooms, and was thus freed from dust 
and loose particles of stone. The oil was allowed to run upon the 
road by gravity from a tank wagon until an area of about 6 feet by 
8 feet was covered. The wagon was then drawn forward a few feet, 
and the oil was spread and broomed into the road surface with hand 
push brooms. As soon as the brooming was completed, the oil was 
covered with chips and the surface was rolled. Six men were 
required to spread the oil and two to spread the chips. The chips 
were secured by passing crusher-run screenings ranging from ? inch 
to dust over a }-inch screen. In this manner both applications were 
made under the direction of the representative of the manufacturer. 





1 Viscous fluid, fairly sticky; contained some water. 
? Granular surface, very viscous, fairly sticky. 
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Section No. 1 extends from Connecticut. Avenue to the first side 
street leading into Bradley Lane, and a vacant lot on this side street 
served the purpose of a contractor’s material yard. Traffic over this 
section may be classed as heavy, since, in addition to the mixed 
through traffic over Bradley Lane, there are frequently as many as 
120 loads of 3 tons gross per day going to the yards and as many 
empty wagons returning. 

Section No. 2 adjoins section 1 on the west. It is 256 feet long 
and comprises 384 square yards. It consists of a single application 
of approximately 0.61 gallon per square yard, spread and treated as 
described in section 1. 

Section No. 3 is 1,188 feet long and comprises 1,784 square yards. 
Two applications of oil were made as in section 1, and the average 
application per square yard in the first course was 0.61 gallon and 
0.31 gallon in the second. 

After the surface applications were completed, all excess of oil 
or “bleeding”’ was taken up with sand and screenings ranging from 
% inch to dust. Some of this material was applied by brooming 
into the roadway the excess screenings which had been brushed aside 
by traffic, but no more screenings or chips were applied at any time. 
than were needed to absorb the excess of oil then apparent. 

‘The traffic over sections 2 and 3 is identical, as there are no inter- 
secting or side streets. It may be classed as suburban traffic. 

The following table of cost data for the work on Bradley Lane is 


based.on the same unit prices as prevailed on Connecticut Avenue, 


and the oil was donated by the manufacturer. 


TaBLE 6.— Materials and cost data of oil surface treatment on Bradley Lane, Chevy 


Chase, D. C. 

IRIN? os cth0 0) tire ds. oiag- matin S% Leet sare: Leet 2 Iland3 
ge hla ER hs a SRR - PRN eee eae fi 2 
Total area covered (square yards).-....---- Bolts i. eo Rs iL Bit A: 384 2, 999 
Sumaier eritiare yard (gallon)... .....--.-- 2. 05-- esos lee cere 61 92 
Screenings per square yard (cubic yard).....-.-.--------+-------- . 025 . 040 
Cost of superintendence per square yard (cents)...-..----------- 25 . 40 
Cost of cleaning surface per square yard (cents)........----------- }. 97 1.97 
Cost of oil per square yard (cents).........-------------2-2+0+> 2.18 3.28 
Cost of freight on oil per square yard (cents).....---------------- 1. 02 1,55 
Cost of heating oil per square yard (cents)....-------------------- 1.08 1. 63 

_ Cost of pumping oil per square yard (cents)....----------------- Tt 16 
Cost of hauling and applying oil per square yard (cents)....------ . 87 1. 28 
Cost of sand and screenings per square yard (cents)...------------ 4. 50 7.20 
Cost of screening chips per square yard (cents)...---------------- Meri . 98 
Cost of spreading sand and chips per square yard fcenie).2 seer. Tt 1. 64 
Cost of brooming chips per square yard (cents)....-.------------- rs x ss 


Cost of rolling per square yard (cents)..--.-.--------+-------777> 


14. 51 21.58 


Total cost per square yard (cents)...-.-------------+++---- 
o50 i $55.72 $647.18 


Total cost of entire section.....-------------+++ errr 
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: 
EXPERIMENT No. 2, Secrion No. 4.—Mo.nassses-Lime. s 


In Circular No. 90 may be found the details of a successful experi- 
ment at Newton, Mass., in which a mixture of molasses, oil, and lime 
was used as the binding material for a crushed-rock aggregate in 
road construction by the mixing method. Mention is also made of 
an experiment in which a weak preparation of molasses and lime 
was applied to a macadam surface over which sand had first been 
spread, but as this experiment proved a failure no details are given. 

The theory upon which this method of treatment was based 
depends upon the fact that a mixture of molasses and lime results 
in the formation of calcium sucrates, which are tough, sticky salts, 
rather sparingly soluble in water. 

Laboratory results from properly proportioned mixtures of lime, 
molasses, and rock dust or clay have shown that the salts formed are 
capable of developing a remarkably high binding value, and since 
waste molasses or black strap is obtained at a comparatively low 
figure in the neighborhood of sugar refineries it was thought that 
an economic and efficient method of surface treatment for such 
localities might be developed and that the experiment which had 
previously failed might be well worth another trial under somewhat 
different conditions. 

The section selected was 1,060 feet in length and adjoins the west 
end of section 3, on which oil was used. The road surface was well 
bonded and in good condition. Before treating the excess of dust 
and detritus was swept off and the surface was given a light ‘sprin- 
kling with water to lay and saturate the remaining dust. 

Basing a formula on some experimental results in the laboratory, 
the materials for treatment were mixed in the proportion of 360 
pounds of lime, 150 gallons of molasses, and sufficient water to dilute 
the above mixture to 450 gallons, which was the capacity of the - 
sprinkler used. This made a sticky mixture, but one that could be 
run from an ordinary sprinkler quite readily. The method of oper- 
ation was crude, and as the work was done in December difficulty 
in mixing was largely increased by the cold weather and consequent 
viscosity of the molasses. The lime was slaked in barrels to form a 
thick cream, and to each half barrel of this cream a half barrel of 
molasses was added with constant stirring. It was hoped that a 
small rotary hand pump could be used to force the material up into 
the sprinkler, but it failed from the start, and as no other facilities 
were at hand the mixture had to be bailed with long-handled dip- 
pers. When it had all been transferred from the barrels, water was 
added up to the capacity of the sprinkler, and the solution was 
immediately sprayed on the road in sufficient quantity to saturate 
the surface thoroughly. The application was made heaviest on the 
crown of the road and any excess drained off toward the shoulders. 








ee. 
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b The surface dried quite rapidly, and there was no interruption to 


traffic. | When Inspected, about one month after treatment, the sur- 
face still showed evidences of having been treated, although there 
had been several heavy rains previous to the inspection. It is 


_ hoped to continue the experiment with one or more applications 


during the coming summer. 
The total area treated was 1,531 square yards, and the cost data 
were as follows: 


TABLE 7.—Cost data of molasses-lime experiment at Chevy Chase, Md. 





Labor, for sweeping, 24 hours, at 20 cents.................2..02.0222....5..... $0.50 
Seeormixing, etc., 16 hours, at 20 cents... <...0.....-.----0.....-.n 3. 20 
MEPIS, 4 ay, 2b 90.2.0... 0.2 esse ce oe eee eee ee 2.50 
Lime, 360 pounds, at 90 cents per 100 pounds, delivered on work............. 3. 24 
Molasses, 150 gallons, at 15 cents per gallon, delivered on work............... 22.50 

BEE UCALIUONG. ©. 5 onic eer e ech he ee ce le ee ee 31.94 

mumenvose per square yard oi /0.... 020. a PEP ee) ae 02 


EXPERIMENTS AT JAMAICA, N. Y., 1911. 


OIL-CEMENT CONCRETE, OIL ASPHALT, TAR AND FLUXED NATIVE 
ASPHALT. 


The experiments at Jamaica were conducted during August and 
September, 1911, by the Office of Public Roads, in cooperation with 
the Bureau of Highways, Borough of Queens, New York City. The 


_ general plan of cooperation provided that all materials and appliances 


for handling them and all labor requisite for efficiently conducting the 
experiments should be supplied by the Borough of Queens. It was 
also provided that at least one competent foreman and one engineer 
employed by the Bureau of Highways of the Borough of Queens 
should be in constant attendance while the work was under way and 
that one or more engineers should be assigned by the Office of Public 
Roads to assist in supervising the work and to check all materials and 
cost data. Specifications for materials and methods of construction 
were drawn by a committee appointed by the borough president, 
which had entire and exclusive jurisdiction over the section of Hill- 
side Avenue upon which these experimental sections of pavement 
were laid, and this jurisdiction is to continue during the period of 
maintenance and observation. 

The work consisted in resurfacing a section of Hillside Avenue, 
2,000 feet in length, beginning at the N. Y. & Q. C. Street Railway 
crossing near Flushing Avenue and extending east to Bergen Avenue. 

In 1895 this section of Hillside Avenue was surfaced to a width of 
18 feet with 6-inch water-bound trap rock macadam, and the shoul- 
ders, 17 feet in width on each side, were surfaced with gravel of a 
maximum size of 5 inches in diameter. Brick gutters, 4 feet in width, 
were laid on each side. 

62450°—12 3 
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In 1905 this section was scarified and resurfaced with water-bound 
macadam, and a strip 34 feet wide was added to each side, making 
the total width of macadam road 25 feet. The surfacing consisted of 
24-inch trap rock laid 5 inches deep, measured loose. Sand was used 
to fill the voids partially and trap-rock screenings were used as the 
binder. 

When the experimental work was begun in August, 1911, the cen- 
ter of the road had worn down so that the crown was nearly flat. 
There were also a number of pot holes, some due to street openings 
which had been made from time to time and others due to the wear 
and tear of traffic. 

The entire road was scarified to a depth of about 3 inches, brought 
to a crown of about # inch per foot with a road grader, and properly 
shaped by hand labor. Except in section 1, a course of 14-inch 
stone, about 14 inches deep, was then spread over the entire road and 
the whole thoroughly rolled. 

Brick and granite block headers were placed along the sides of the 
oil-cement concrete section, and a single course of cobbles 3 to 5 
inches in diameter was set by hand to form a shoulder for the greater 
part of the bituminous pavements. 

On the foundation thus prepared nine experimental surfaces were 
laid: One oil-cement concrete pavement, four bituminous-concrete 
pavements, and four bituminous-macadam pavements. The aggre- 
gate used in all the experiments was clean, crushed trap rock, screened 
according to the following grades: 

Screenings.—That product of the ordinary run of the crusher passing a 34-inch or 
g-inch circular opening, including the dust of fracture. 

Three-fourths-inch stone.—Crushed rock passing the 14-inch or 1}-inch opening, but 
retained on the 4-inch or 3-inch opening. 

One and one-half-inch stone.—Crushed rock passing the 24-inch opening, but retained 
on the 14-inch or 14-inch opening. 

Three-eighths-inch stone.—Screenings which are screened to remove practically all 
stone dust by passing over a 4-inch or 32-inch screen. 

The following table of tests on representative samples shows the 
average grading of material received on the work. 


TABLE 8.— Tests of crushed rock. 





inch | 32-inch | Stone 

stone. stone, | Screen- 
(Percent-| (Percent- 

age.) age.) 


Materials. ings. 
(Percent- 
age.) 














Retained on 1-inch screen 2 |a0- ce hele eee 
Retained on g-inch screen ,')..5 5.34 2:07. Se A. ROBE. .: 13,7 |cdijt OME Eee 
Retained on i screen. 5 


37. 
Retained on +-inch screen...... ce eee Ey Pees CP eee ery Cree eee 40. 


3 6.0 8 
Retained on é-inch screen is onc 45 A. Es See | 5.4 50. 2 35.9 
1.9 8 3 


Passing 4-inch screen 









¢ 

4 
, 7 
\ 
tan 
o 
fo 
‘a 
ee 
& 
4 
’ 
ft 
4 
: 
rr 
E 
( 


SN Seay a ee ee 


ota 


a. aa 





74S + ae > — 
Po ee 


DUST PREVENTION AND ROAD PRESERVATION, 1911. | 19 


The equipment consisted of a concrete mixer with arrangement for 
heating the aggregate, a patented distributor with 350-gallon tank, 


and a 375-gallon heating kettle. These were loaned by the manufac- 


turers. The 10-ton steam roller, small kettles, pouring pots, and tools 
were furnished: by the Borough of Queens. The labor was furnished 
from the regular city force, which, with few exceptions, was composed 
of inexperienced and unsatisfactory workmen, and this fact is un- 


-doubtedly responsible for higher costs than should be the case for 


this class of work. 
EXPERIMENT No. 1.—O1m-CEmMent CoNcRETE. 


Beginning with station 0 (at the N. Y. &Q. C. R. R.), this section 


extends to station 1+73 and includes the south intersection with 


Flushing Avenue. The concrete was made up of 1 part by volume 
of Portland cement, 2 parts of sand, and 4 parts of stone, which was 
hard trap rock ranging in size from 3 inch maximum to + inch mini- 
mum diameter, and oil was added to the amount of 10 per cent, by 
weight, of the cement. The materials were mixed in a mechanical 
concrete mixer, and the most satisfactory results were obtained by 
the following procedure for each batch. About 3 gallons of water 
were put into the skip, followed by a barrow of stone, a barrow of 
sand, a bag of cement, and a barrow of stone in the order mentioned. 
The stone was leveled down and the balance of the water necessary 
to form a wet concrete was added. The measured amount of oil was 
then poured over the wet stone, after which the skip was elevated 
and the contents were dumped into the drum and thoroughly mixed. 
The concrete was conveyed and dumped in place by wheelbarrows. 
It was placed to a depth of 4 inches uncompacted in a single uniform 
layer across the entire width of and at right angles to the center line 
of the road. The surface was tamped with concrete tampers until 
water flushed to the surface. Any uneven places which developed 
were filled with trap-rock screenings,’ and the first 12.5 feet of the 
section were finished by spreading a thin coat of these screenings over 
the wet surface. The remainder of the section was finished by spread- 
ing over the tamped concrete a mortar composed of 2 bags of cement, 
2.5 cubic feet of sand, 7.5 cubic feet of screenings, and 8 quarts of oil. 
Square joints were formed between the days’ work by butting the 
concrete against oiled 2 x4 scantling. ; 

From station 0 to station 0+97.2, a residual oil showing the 
characteristics under No. 1 in Table 9 was used, while the product 
of another manufacturer, and represented under No. 2, was used on 
the remainder of the section. The two parts of the section were 
separated by an expansion joint consisting of two courses of 3-inch 








1 See Table No. 8. 
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wood block, laid on a sand cushion and filled with the fluxed native 
asphalt used in experiment No. 3. 

The section was closed to traffic for 28 days and was kept wet 
during the first 7 days of that period. 


TABLE 9.—Analyses of residual oils used in experiment No. 1. 





(1)! (2)! 
Ste Bravity 20°/20" Coc. 25. eee ee wohl BOSE Sate espe elug tne tno Uety na a ene atte eee 0. 935 0. 922 
Iscosity, Engler: 100.0. o,.at'50° C., specie... oe cee eae e ano ave nee eae ino acae cee 49. 20 14. 40 

Per cent of loss at. 163°'C.; 5: hours (20 grams) oo. 266 See cee ge oe ae eee aoe 1.19 2.91 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............-..-...... 3. 13 1.94 
IPencent.o: 1: Xe: CAL DOM. suce scne cos coke cols cece bets reece ee mee ee et ee ee 3.04 2. 42 
Per cent of bitumen soluble in CSe (total bitumen)........................--...-+--- 99. 89 99. 95 
Organic matter insoluble. 4. 6s. en asec ak g-cadeh spee caste tec ces. cA OSs pc che= meee 1h . 03 
Iridriic TALL TASOIUDIS). 4a dS es oc eo A SEs ee ee - 00 -02 

DOtale 8 82 Oe Ee cP! a8 bh EP an. A EE EO a 100. 00 100. 00 

1 Fluid, greasy. 
TABLE 10.—Tests of Portland cement used in experiment No. 1. 

POCO RTAVILY 20 [20 OW cen vaccesencem as oe ete ea sini ce one 3.11 
Péf cert! of water for normal corisistency. 22/202. / 0500). 522.. 25.0. 2 21. 00 
dnatighbects s SeeusAui JD) Asie OOS. a, A TOL. OU ee 2¢) 16? 
Feira pete 2b. ces ap owe eek RP, teiawie cit ox 2 yall Sgrey ol bs co eee ee © 3’ 40 
Fineness: ; 

Per cent retained on 200-mesh sleve........-....--..--.-.).-90 oe 20. 6 

Percent retained ‘On 100-nreph sieve. ete. ae 3.6 

PaO tn ain 7s dayee! Oe) SL Pe 2. VSO Sound. 

Petaiewater 28 déyses. 7-42.06. MALLG - dead -fove 020) “Ye Sound. 

Pat.steanmed..5 ROuUns be osc. conprocta aie cell 4b s » bayer are bate ciate eee oe Sound. 
Tensile strength: 

Neat 24 hours...............................---..- 443 pounds per square imcn, 

PNCRTUTS WIRUNISE ne See ae wee rc ki ny tortie © lel amea maaan 691 pounds per square inch, 

IN eG 2OaVeL.: Cs, IS. Sere OU 651 pounds per square inch. 

1:3 Standard Ottawa sand 7 days.........-....--- 376 pounds per square inch, 

1:3 Standard Ottawa sand 28 days..............-- 483 pounds per square inch. 
Percent of magnesia (MegQ). - o.oo one oo de oe sire no cele « oe cg o> oe 3. 05 
Percent of sulphur trioxide (SO,)..- 2... 52. -n eee - nbn cern nee + oy +e ee 1. 05 

TABLE 11.— Test of sand used in experiment No. 1. 

Per cént-rotanred! on 8-meshH screen’ 5. oo DO 7.4 
Péricent rétaitied ont LOsmesh sereetivie. (60 250. so. os. ee. 2 5.2 
Per cent-retained, on 20-meshi screen s../). oie. js cel luce ed. cca CO 17.1 
Per cent retained on 30-mesh screen.........-- epee deh dite dll a, 20. 6 
Per cént retained on 40-mesh screen........--.-b--s-++--stnn so.) eee . 19.9 
Per’tent retained on 50-theslt screéhn i702...) 9.8 
Per cent retained’on 80-mest screen... 2.102 i Se 13.9 
Pericentretained on 100-meshisereenieive rts oo. yc. Lato a a 2.0 
Per.cent- retained on 200-mesh screens.) 2.16.4. eed downs ce ele he he 1.8 
Pagsing,.200-mesh, screen .....< in « «0» ofaiaielin wren pee sine ve @ © aoe cle else ei de ae a eee Pe 
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_ExperimmMent No. 2.—Cur-Bacx O1t-AsPHALT—MIxING METHOp. 


This section adjoins the oil-cement-concrete section and is 299 
feet in length, extending from station 1-97 to station 44.96. 
The machine mixer was used and the charge for each batch con- 
sisted of 7.5 cubic feet of the 3-inch stone and 5.5 gallons of bitumen. 
Owing to considerable wet weather, the stone was frequently quite 
wet, and time was lost in drying it for three or four minutes by 
means of the hot-blast before the addition of the binder. The 
bitumen was melted in a 375-gallon tar kettle and heated to a 
temperature of about 240° F. before being poured into the skip of 
the mixer. The mixed aggregate was taken to the road in wheel- 
barrows and evenly spread on the foundation with rakes to insure a 
thickness of 2 inches after rolling. The rolling was done on the day 
following that on which the mixture was laid, and in portions of 
the experiment there was considerable rainfall before the rolling 
took place. The characteristics of the bituminous binder used are 
shown in Table 12. 

Owing to delay and a period of rainy weather, the application of a 
seal coat to this section was delayed for two weeks. The surface was 
then swept clean and an application of a heavy oil-asphalt, an 
analysis of which is also shown in Table 12, was applied by means of 
the distributor. The application was not as uniform as might be 
desired, and it was necessary to touch up with pouring pots a number 
of bare spots that were missed by the distributor when it became 
clogged. The seal coat was immediately followed by a layer of 
#-inch stone, after which the surface was well rolled. 


TaBLE 12.—Analyses of bituminous binders used in experiment No. 2. 





Cut baek Oil 
oil- pe 
asphalt.1 asphalt.2 





NE MMI) NIWA 2 ass oe heals os Stas Sd ule Obisls awig'h (a Sa cbida sag qdeey 0. 981 1. 002 
a on Sh ate eA SN te. ola sk va be Snme'eemcamiea| dep weiss abe & 72. 00 
Penetration (5 seconds, 100 grams, 25°C. ee FOL. a SRI Ni ec of eee ree mina castes 4. 80 
Wascosiuy, “emeler 50 ¢..c. at 100° C. (time)... 2.2... 22.52.02 seen eee ne wees seconds. . 3241 GOS os eee 
Sse oy Csi d a AN be Con oe ede ck akvcaduosdegesad 4 249), 000 ten tad some 
Pere OG CO. 5... 2... en ewes Mee! bre nen e CAM eee 1945 OO™ (iis eee oee 
een or toss Bt 163° C., 5 hours (20 grams) ....--- 2. secs eb foe tick sb tle oo tind 9.12 18 
Penetration of residue: 

nremetrtrag, Oh" ©, (101. |) ona. ase dwalew> oe bce oa cps een ensaaieidia dens 18. 60 4.2 

meEnUratris 140-034 (3010. |) oon s ol ook fea ate es HEA OS Sale oe alttnsee ate 1.2 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha .............----- : 17. 02 25. 52 
ameeminonbitniaen insolible in CCl, . 2... oa oe oie ete cnn s ene crests emcee en-- - 00 - 00 
Pe TEEeOrnr OO, fa ss ees Lele SE po cee Sethe RES. 4 7.10 9.99 
IIE MO Sd oe co 2s a bawd ced d seed ons noe pas geT taday- ae -12 .14 
Per cent of bitumen soluble in CSe (total bitumen).............---.-----------+-- 99. 68 99. 64 
NEG 718 SOUL LS a 2ck ae ckne en calves ns ns te atidesWataceeses 15 s ei 
Inorganic matter insoluble. .... rs EBPs ee REE POR ere 17 1 

= SE eel ccndicnceed REP IAEA Ge eg ee A i = Te re ee 100. 00 100. 00 





1 Sticky, very viscous. 2 Sticky, semisolid. 
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EXPERIMENT No. 3.—Fiuxep Native ASpHALT—Mrxine MeErTHop. 
: A 


This section adjoins the one just described and is 304 feet in length, 
extending from station 4+96 to station 8+0. ‘The method of con- 
struction was the same as in experiment No. 2, excepting for the fact 
that the seal coat was applied entirely with pouring pots. Consid- | 
erable delay was occasioned by rain and consequent wet stone. ‘The © 
bitumen required more heating than that used in the previous ex- 
periment, and an average temperature of 340° F. was maintained in — 
the heating kettle. | 

The characteristics of the material used in both the mixing and seal — 
coat are shown in the following table: 


TABLE 13.—Analysis of fluxed native asphalt | used in experiment No. 4. 





Specifia pravityi25°/25° Os. sa. Late SL ee 1.045 © 
Penetration (5 seconds, 100 grams, 25°.C. [mm.]), ...... . :..../)- gee 13.00 — 
Per cent of loss at 163° C., 5 hours (20,grams)..:.. 2... -..-. 4: <del Fer 
Penetration of residue (as above)...... 25 /.0..1.0. 22. 400 Sony 5.50 
Per cent of total bitumen insoluble in 86° B. paraffin apg is ol . 22.49 
Percent of fixed ‘carbon ..!1200.0. WI 99.29. HOUT. Pg 10.96 -@ 
Per cent of bitumen soluble in C8, (total bitumen)..............-...-.--..-.- 95.11 
Organic matter insoluble... 22.2.2. SS oe ee ee ayut 
Inorganic matter insolttblev./.22.2..5.0.. 115. Ds OP 2. 88. 





EXPERIMENT No. 4.—REFINED CoAL TAR—MIxING METHOD. 


This section adjoins the one just described and is 298 feet in length, 
extending from station 8+0 to station 10+98. The same method 
of construction as described under experiment No. 2 was pursued, 
and a refined coal tar having the characteristics shown in the follow- 
ing table was used. Each batch consisted of 10 cubic feet of stone 
and 7 gallons of binder. 


TABLE 14.—Analysis of refined coal tar ? used in experiment per 4. 











Specific. gravity: 25°/25°.0.... 227 Te ee ee 1. 253 
Float test at 50° C. (time) :...05.052..05... 0.222000. big ih bo 
Per cent of free carbon (insoluble in CS,).........0005. 0. “uc uL4. De 
Distillation: 5 vohaae eet 
y volume. y weight. 
Water. it ji... qf tee. a ee 4 es 0.0 
Firstiligh' oils to V10°C eek oe a ee .0 
Second light oils 110-1702 Os... os. ain ee 312 
Heavy ils:170-270%0 x ive... 0.2 e a degre ahd) eae 417.6 
Piteh residue. Ae a ine es Sars er eee b Sle 
DO CaS oo ak wie aha iL E A Se EC 2 100. 0 
1 Sticky, granular, semisolid. 3 Solid. 6 Hard, dull, brittle. 


2 Very viscous fluid. 4 Three-quarters solid. 
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With a view to determining the relative value of coal tar and oil 
asphalt for a seal coat, the section was divided into two parts, and 
these subdivisions have been treated separately in the cost data- 
For the first 150 feet of the section a seal coat of the tar used in the 
construction was employed, while the remaining 148 feet were covered 
with a seal coat of the oil-asphalt used in experiment No. 2 and shown 
in Table 12. The application of both materials was made with pour- 
ing pots. 


EXPERIMENT No. 5—Cur Back Om-AspHALT—MIXING MeETHop. 


This section adjoins experiment No. 4, and is 296 feet in length, 
extending from station 10+98 to station 13+94. The experiment 
is in every way identical with experiment No. 2, excepting that a 
similar type of material from another manufacturer was used, and the 
seal coat was of the same material as was used in the aggregate. The 
bitumen was all applied with pouring pots. The analysis of the 
bituminous binder used was as follows: 


TABLE 15.—Analysis of cut back oil-asphalt ' used in experiment No. 5. 





ed sec nges ot oe betn ne cys et as Cingels a= ate cite Sie 
Penetration (5 seconds, 100 grams, 25° C. [mm.])........--.....-------5-5- 19. 70 
8 rw aan iad J gba biased vid -aledtalvetnone SHE Se 165. 00 
meeburming point °C. did not burn at........--.-.------- +22 eee eee eee eee 300. 00 
meer cent of loss at 163° C., 5 hours (20 grams) ..........---------4-+---- terri 8 
umternT a residuic (aS abOVe)... 2. le ee ee ne eee eee 6. 90 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.....-....--.-- 21. 47 
Percent of total bitumen insoluble in CCl...--.....--.-----+--+---27+-++-3 ly. 
MEE OC CATDON ..2 4 5.0 + aid'sz o3chid- coms ee BS She Eee eo eee ee 12. 79 
Per cent of bitumen soluble in CS, (total bitumen).......----------------- 99. 20 
Organic matter insoluble..........-.--.-------+---- 22-2 c terete eet . 68 
Tnorganic matter insoluble.-............---------g--ee ect e tt 12 
EAS. MRL AI ee Tee ttl, aka. Sys se ee rick oe “ALE Roe 





The material mixed well in batches of 10 cubic feet of stone to 7 
gallons of bitumen, and owing to improved organization of labor and 
more favorable weather conditions, the cost was lower than that of 
experiment No. 2. 


EXPERIMENT No. 6.—Om-ASPHALT—PENETRATION METHOD. 


This section adjoins experiment No. 5 and is 156 feet in length, 
extending from station 13 +94 to station 15+ 50. 

The general method of construction was to spread over the pre- 
pared foundation a single course of the 14-inch stone to a depth of 
3 inches, loose measurement. The course was rolled sufficiently 
without sprinkling to compact the fragments of stone, leaving the 








1 Sticky, semisolid. 
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surface open enough to allow the hot bitumen to penetrate. The 


application of all the bitumen in this experiment was made by pour- — 


ing pots and at the rate of 13 gallons per square yard. The first 
application was immediately followed by an application of sufficient 
3-inch stone to fill the surface voids completely, and the road was 
at once thoroughly rolled until solid. | 

The bitumen, an analysis of which is given below, was used for 
the first application on the entire section and for a seal coat on the 
eastern half of it. As there was not sufficient of this material to 
finish the section, a seal coat of the oil-asphalt used in experiment 
No. 2 and shown in Table 12 was applied to the western half. This 
was immediately followed by a light application of 3-inch stone and 
thorough rolling. 


TABLE 16.—Analysis of oil-asphalt ' used in experiment No. 6. 


Specific pravity 255/204: i. bs oie mays see Dae Dba Fm vege Reeppciome <r ee 0. 996 
Penetration (5 seconds, 100 prams, 25°.C. [mm.]})... 4. . 42.10. 92 17. 00 
Per cent of loss'at 163° C.,.5 hours (20 prams) .:.0.... 2.20.4 ee ae | 
Penetration of residue (as'above)...2 22220202. SO 14. 10 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha............-. 18. 62 
Percent of total bitumen insoluble imOC],. PI P22. Se aaa . 00 
Percent of fixed carbon =. yeccie : ot ceulast hea ob a a ale 6 mye @ teen 8. 29 
Peeree OL Data BCALO ats <'. c's often cnt wea ants, ci pin © fe 2 a .14 
Per cent of bitumen soluble in CS, (total bitumen)........2.......2....... 99. 78 
Organic matter insoluble... . i. 6605. see erro tens A BE .17 
Inorganic matter-insoluble. .... 0.4...) sem Dene ae . 05 
100. 00 


EXPERIMENT No. 7.—REFINED CoAaL TAR—PENETRATION METHOD. 


This section adjoins experiment No. 6 and is 150 feet in length, 
extending from station 15+ 50 to station 17+0. 

The method of construction was exactly the same as described 
under experiment No. 6, excepting for the fact that all the bitumen 
was applied by means of the distributor. The refined coal tar used 
in experiment No. 4, an analysis of which is given in Table 14, was 
used. An 8-barrel open pan and two 2-barrel kettles were used for 
heating the tar before it was pumped into the distributor, and the 
temperature of the material at the time of application ranged from 
260° EF’. to 270° F. 


EXPERIMENT No. 8.*—FLiuxep Native ASPHALT—PENETRATION METHOD. 


This section adjoins experiment No. 7 and is 150 feet in length, 
extending from station 17+0 to station 18+50. The method of 
construction and application was the same as in the preceding experi- 
ments, and the fluxed native asphalt that was used was the same as 
was used in experiment No. 3. The bitumen was applied by the 
distributor, and the average temperature of the material at the time 
of application was about 330° F. 





1 Sticky, semisolid. 
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EXPERIMENT No. 9.—Om-AsPHALT—PENETRATION MeErHop. 





This is the last section and adjoins experiment No. 8. It is 150 

b feet j in length, extending from station 18+50 to station 20+0. 

7 The experiment was carried out in exactly the same manner as 

the preceding one, with an oil-asphalt, the analysis of which is 
given in Table 17. The application was made by means of the dis- 
tributor, and the average temperature of the bitumen while being 
applied was 335° F. 


TaBLE 17,—Analysis of oil-asphalt ' used in experiment No. 9. 





If GO POE ee See 0. 996 
Semotraiion (5 seconds, 100 grams, 25° C.[mm.]).................-200020 02. 11. 60 
memeeny or loss at 163° C., 5 hours (20 grams).....:..5...¢...--0---00ee cee. ys 
mummrarnonof residue (as above).......2...0.02.2000..0-4 22.2. ee dee ee laces 7. 40 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............. 23. 28 
Seeeenmor total bitumen insoluble in CCl. .........-......2.--.-0. 021d. . 04 
Meee: xed carbon.:.................0..------ * Be resort irie starr f 12. 82 
Per cent of bitumen soluble in CS, (total bitumen)......................-. 99. 41 
PEPPHRAQIUDIGN Cas. Ades Soe eo A . 50 
DIE IDEQLUDIC. 2/5 2h. Gis set. os eee Ta ieee ee oe. . 09 
100. 00 


Shortly after the sections were completed, a traffic census covering 
a period of 11 days under average conditions showed a maximum of 
2,794 and a minimum of 655 vehicles, or an average of 1,493 for a 
period of 24 hours. This included practically every form of vehicle, 
from light pleasure carriage to heavy motor dray, but approximately 
75 per cent was motor driven. During the aero meet at Belmont 
Park, the number of automobies for one period of 24 hours was 
5,808. 

When last inspected in December, the surfaces all presented an 
excellent appearance. 
K In making up the tables of cost data, the following unit prices 
were used: 


CN day of S hours. 221.0025... bole he RES in alee $4. 00 
Smiarate foreman, per day of 8 hours..........-.....:---4-----+--e-22++ eee: 8. 26 
Sueroer man, per day of 8 hours............-.-.----)- 202 tee eee eee e teens 4. 50 
__ Engineer for mixer, per day of 8 hours. ....--.-.---.--------++++++eeeeeeeee 4. 50 
Mueuaborer, per day of 8 hours..-.:.......-.- 0. - 2. 2s ee eee nee cee eee cet e et 2. 50 
' Watchman, per day of 8 hours..........--.----------+ 222-2 cere reer e rte eeee 2. 50 
Horse and cart, with driver, per day of 8 hours..........------+-------+++++++ 3. 50 
» Team, with driver, per day of 8 hours.........------+++++---+22eererrettees 6. 00 
Roller, with engineer, per day.......---.---------+-+-> a RanrM as Fer 10. 00 
Memprrarinier. er day........-..------- 2 ee nee e eter tetete tenet ene 4. 00 
’ Heating kettles, 400 gallons capacity per day. ...-------+---------++++++sre0e- - 30 
Heating kettles, 140 gallons capacity per day. .....-----+-----+-+-++++rcrrreee : Ae 


mememmall tools, per day per man......-..-----------s-cpertec ere e rte 
The cost data do not include any charge for the use of the mixer 


or distributor. 
Ree a | ah pr pe 


1 Sticky, semisolid. 
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TABLE 18.— Materials and cost data of oil-cement-concrete experiment at Jamaica, N. Y. 





Total cost. 


Cost data (cents per square yard). 
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28 | DUST PREVENTION AND ROAD PRESERVATION, 1911, 
EXPERIMENTS AT ITHACA, N. Y., 1911. 
OIL-ASPHALT, REFINED ASPHALTIC PREPARATION, REFINED COAL TAR. 


The following experiments at Ithaca were a contimuation of those 
conducted in 1909 and 1910 by the Office of Public Roads in coop- 
eration with Cornell University and described in Circulars Nos. 92 
and 94. The work for 1911 consisted in resurfacing section 25 on 
East Avenue, the surface of which had almost completely disin- 
tegrated during the winter, in completing the area allotted to experi- 
ment No. 16 in 1910, on which the work was interrupted by bad 
weather, and in constructing two new sections on South Avenue. 
In addition to this, all necessary repairs were made on the sections 
which had been previously constructed. Work began on July 10 
and continued until August 12, 1911. <A total of 757 linear feet of 
surface was completed, but considerable time was lost in waiting for 
materials. 

In accord with previous arrangements, the university furnished 
all stone, machinery, and necessary labor. The bituminous binders 
were donated by the manufacturers, with the exception of the refined 
coal tar used in experiment No. 27, which was purchased by the uni- 
versity, and the freight charges on donated materials were paid by 
the Office of Public Roads. 

The two sections designated as No. 29 and No. 30 extend west on 
South Avenue from the car-track crossing to the intersection with 
Central Avenue. The foundation was an old macadam road which 
had been rough and uneven, and this was spiked up with the roller 
and harrowed with a spring-tooth harrow in order to bring the coarse 
material to the surface. The old material was redistributed in order 
to produce a uniform grade, after which the foundation was rolled 
until firm. A course of broken stone ranging in size from 1 to 24 
inches was then spread over the road to a depth of approximately 24 
inches and a width of 20 feet and rolled. On the foundation thus 
prepared the wearing surface was laid 16 feet in width. 

The working equipment was the same as that used for previous 
experiments and consisted of a 10-barrel tank fitted with a fire box 
for heating the bitumen. A 2-barrel iron soap kettle was also used 
for repair work. The mixing plant was located at East Ithaca, 
about 2,000 feet from the road, and consisted of four flat stone 
heaters having a heating surface of from 75 to 80 square feet, and a 
semicylindrical section of a boiler for heating screenings. The mix- 
ing was done in a portable concrete mixer of the old McKelvey type. 
Wheelbarrows were used for measuring and transporting the stone at 
the mixing plant, and the mixed aggregate was conveyed to the.site 
of the work in dump wagons. 


223 eee aS 


‘ 
DUST PREVENTION AND ROAD PRESERVATION, 1911. 29° 


fed 


The labor employed was unskilled, and consisted of the revular 
campus force, together with a few extra men. Common labor was 
figured at $1.75 per 9-hour day, double teams at $4, engineer for, 
mixer at $4, and roller at $3 per day. Scrap wood was used for heat- 
ing the kettles and coal for the roller cost $3 per ton. The stone 
used was a hard limestone, costing $1.20 per ton f. o. b. cars at siding 
at East Ithaca. 

As noted in previous experiments, the cost of construction was 
excessive owing to crude apparatus, unskilled labor, and the expense 
of preparation for such a small amount of work. 


EXPERIMENT No. 24, Section No. 29.—Om-AspHatt—Mrxina METHOD. 


The section treated in this experiment is 300 feet in length and 
begins at station 22, where the car track crosses South Avenue. A 
course of broken limestone, ranging in size from 1 to 24 inches, was 
laid to a depth of approximately 24 inches on the foundation and 
rolled until firm. 

The wearing surface was proportioned and prepared as follows: 
Six parts by weight of stone ranging from 1 to 24 inches in size to 
one part of from 4 to ~ inch stone chips were measured in wheel- 
barrows and carried to the mixer. The coarse stone was dumped 
into the mixer first and about 6 per cent of the total aggregate by 
weight of hot bitumen was added. After the mixer had made a few 
turns, the stone chips were dumped in and the mixing continued until 
the stone had become thoroughly covered with bitumen. The mixed 
ageregate was then dumped into a wagon and taken to the road. It 
was deposited on a dumping board, from which it was spread to a 
depth of from 24 to 3 inches over the foundation. The stone ran a 
little larger than desirable at times, and when this occurred the 
proportion of stone chips had to be increased. 

This course was well rolled after a light coat of clean stone chips 
from 4 to 3 inch in size had been spread over the surface to fill the 
voids partially and keep the mixture from sticking to the roller. 

- When thoroughly rolled, a seal coat of about a half gallon of bitumen 
to the square yard was applied. Enough stone chips were then 
added to take up all surplus bitumen and fill the surface voids, after 
which the surface was thoroughly rolled. 

The characteristics of the oil-asphalt used in this experiment are 
shown in the following table: 


Taste 20.—Analysis of oil-asphalt ! used in experiment No. 24. 


MUN IMA VAY 20°/20% Cee. 2.2.8 eee ee eee eee eres 0. 996 

Mmm NIDInt SOW . £2514. 20. Pi ede eet ee ee eee ees 57. 50 

Penetration (5 seconds, 100 grams, 25° C. [mm.])....-------------+--+rs+ 9. 70 
Per cent of loss at 163° C., 5 hours (20 grams).....-----------+++20 0525 rere e 


Penetration of residue (as above).-.-.-------------+e+errerr rrr 


1 Dense, sticky, semisolid. 
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Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............- 24.19 
Per cent of fixed carbon. . =: 2... - sone oec paises 4) eee Slat eee 9.10 
Per cent of bitumen soluble in CS, (total bitumen)....-.....-- ere 99.77 
Organic matter insoluble,...<).-.. 2054.1 ¢lihewees P06 eae ee 14 
Inorganic matter insoluble... o3 7% sn. + ee-f4die- «4 Mos suse es bien eae oe . 09 

100. 00 


When last inspected in October, this section was in excellent con- 
dition and presented,a uniformly smooth, hard surface. 


EXPERIMENT No. 25, Section No. 25.—Om-AsSPHALT—MIxInGa METHOD. 


The section treated in this experiment is 296 feet long, extending 
from station 16+10 to station 19+6. It was originally constructed 
in 1910, but owing to the fact that the bitumen proved too hard, 
the surface rapidly went to pieces and the road had to be resurfaced. 
The old surface was therefore spiked up with the roller and harrowed 
with a spring-tooth harrow. It was then rolled until firm, after 
which the new wearing surface was mixed, laid, and finished exactly 
as in the preceding experiment. The bitumen used in this section 
was not wholly satisfactory, owing to the fact that some drums were 
very soft, while others were quite hard; but by mixing the two a 
fairly uniform material was secured. 

The characteristics of an average sample are shown in the following 
table. 


TABLE 21.—Oul-asphalt | used in experiment No. 28. 


Specific gravity 25°20% Oo 2 see SAT, St ners tt. Ste 1. 001 
Penetration (5 seconds, 100 grams, 25° C, [mm.])....................2..22. 19. 10 
Per centjofloss at'105° C.,, 7; hours,(20 grams), gos. sii: 2.1L AD. ee . 28 
Per cent of loss at 163° C., 5 hours (additional loss)............. cect ea 1.01 
Penetration of residue (a8 above)... -) . sie n0¢eeg- bos cle ueehde neha ee eee 9. 00 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............. 24. 70 
Fer tent'ortixed*carbon!) 1 S202 PUSe Pee a nak oe ee 15. 42 
Per cent of bitumen soluble in C8, (total bitumen)...................-...- 99. 58 
Organic. matter, insoluble. -f. . jo cfss tye «bye nine bee xe = beeliewe 29 beeen . 42 
Inorganic matter msoluble.- - 5... sa. +. -3p <>: 2" 4242: ben eee ee . 00 
Petals) fA TIAN Pee Poe ee Rae et ok te ote 100. 00 


When finished, this section presented a smooth, firm surface, 
but when inspected it was found that a large strip had raveled for 
nearly the entire width of the road at station 17+30. This place 
was immediately repaired by first removing all the old material down 
to the foundation. The edges of the cut were painted with bitumen, 
and clean stone varying from 1 to 2 inches in size was added and 
tamped flush with the surface. After this the patch was finished 


1 Short semisolid; contains small amount of water. 
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by the penetration method, with about 2 gallons to the square yard, 


including the seal coat. Eight square yards of new material were 
thus added at a cost of 1.09 cents per square yard for the entire section. 


_ Experiment No. 26, Section No. 28.—Rerinep AspHALTIC PREPARATION—PENE- 


TRATION METHOD. 


The section treated in this experiment is 51 feet long, beginning 


at station 21+49. The first experiment with this material was 


started in 1910, but the work was interrupted by bad weather, as 
stated in Circular No. 94 under experiment No. 16. The foundation 
was laid in 1910, but owning to heavy traffic during the winter it 
had to be spiked up, so that the wearing course might “key” with 
the foundation. The wearing course of stone, which ranged in sizes 
from 1 to 2 inches, was laid about 4 inches deep when loose and rolled 
until firm. 

The binder was heated to between 250° and 300° F. and then drawn 
off in coal scuttles fitted with a strip of metal riveted across their 


- spouts, so as to give an opening 44 inches across and 4 inch wide. 


The hot binder was poured upon the prepared road surface at the 
rate of approximately } gallon per square yard, after which the 
surface was given a light coat of screenings from 4 to # inch in size 
and well rolled. The surplus screenings were then swept off with 
rattan hand brooms and a second application of the binder to the 
amount of ? gallon per square yard was applied. Screenings were 


then applied in sufficient quantity to fill all surface voids and take 


up the excess bitumen, after which the surface was rolled until solid. 


EXPERIMENT No. 27, Section No. 30.—ReEFINED CoAL TAR—PENETRATION METHOD. 


The section treated in this experiment was 110 feet long, extending 
from station 25 to the intersection of Central Avenue, and had an 
area of 225 square yards, including intersections. ‘The wearing course 


_of stone was laid in the same manner as in the preceding experiment. 


The tar was heated to from 250° to 300° F. and poured upon the pre- 
pared road surface at the rate of approximately 14 gallons per square 
yard: . 

The surface was given a light coat of from 4 to } inch screenings 
and rolled. The surplus screenings were then swept from the sur- 
face with rattan hand brooms and a seal coat was applied at the rate 
of approximately 4 gallon per square yard. Screenings were then 
applied in sufficient quantity to fill all surface voids and take up the 
surplus tar, after which the surface was rolled until firm. 
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The characteristics of the tar used in this experiment were as 
follows: 





TABLE 22.—Refined coal tar ! used in experiment No. 27. bh 
Specific gravity 25°/25° O. 2... 2. 22ers ee eee ee 1, 267 
Float test at 50° ©. (time)... .... .cOJea LOE wage We 
Per cent of free carbon (insoluble in OS,)......--5./.... (2... 00055 see 26. 09 
AwEe : Per cent Per cent 
Distillation: by volume. by weight. 
LE: ak Aah ay AR Ie Ar a ite ade Slew ete ie BT A 0. 0 0. 0 
Fitet Light oflssto 110° Gel reris eee SaaS a A .0 .0 
Second light oils 110°-L70® G@ wy.)s)a Cisies een enlasees HOR. ee. Sap Ws .4 

Heavy oiletl 70°-2709, Cs oth 44. tac anlage Ae 11.2 9.2 
Heavy OM8. 2 TOC OLD eo Sie dicho wide ete ghee ane hata ae 6.9 5.9 
PitCHerenid U6. ©. vos tno sine «eos oe oe andes OR ee 81.2 84. 5 

Totals. Ged kd. LPV0G, PO OE Oe PU 100. 0 100.0 — 


When inspected in October this section presented a uniformly 
smooth, well-bonded surface. 


1 Very viscous, sticky. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT ITHACA, 


N. ¥., 1909 AND 1910. 


TAR, OIL, NATURAL AND OIL-ASPHALT PREPARATIONS, ROCK ASPHALT, 
BRICK, CEMENT, AND SLAG. 


A full report of these experiments is to be found in Circulars Nos. 


_ 92 and 94 of this office and a report of an inspection made November 


2, 1910, of the sections then completed is also included. The fol- 
lowing 1s the report of repairs made during 1911 and of an inspection 
on October 27,1911. This inspection was made during a fairly heavy 
rain and continued on October 28, which was a clear, cold day. 


EXPERIMENT No. 1.—ReEFINED Coat TAR—PENETRATION METHOD. 


No repairs have been required on this section and, when last in- 
spected, it presented a uniformly smooth, hard, and well-bonded 


surface. 


EXPERIMENT No. 2.—REFINED Coat TAR—Mrxina MeErtuop. 


The only repair necessary to this section during the summer of 
1911 was a small patch about 3 square feet in area at station 3+02. 
The cost of this repairing was 0.05 cent per square yard for the entire 
section. During the summer this section was exposed to rather se- 
vere conditions, owing to the construction of a new building along a 
portion of its length. At the time of inspection the greater part of 


_ it was covered with mud. The road surface in general, however, still 


seemed to’ be hard and well bonded, and the only defects noted were 
a few small cup-like depressions. 


EXPERIMENT No. 3.—ARTIFICIAL O1L-ASPHALT—MIXING METHOD. 


As noted in Circular No. 94, the grade of this section was low 
where it adjoined the brick section. This defect was remedied dur- 
ing the summer of 1911. The heated stone and bitumen were mixed 
exactly as for the original construction and the grade was brought 
up by filling in with this material; but, since this should have been 
done at the time of construction, the cost of making the change was 
not included as an item of repair. When last inspected, the surface 
remained in excellent condition, although considerable mud had 
been tracked on it from an intersecting road. The only defect noted 
was a small cup-like depression at station 9+ 75. 


EXPERIMENT No. 4.—ARTIFICIAL Ort-ASPHALT—Mrix1na METHOD. 


The greater part of this section showed a smooth, resilient surface- 
like sheet-asphalt. Throughout the last 75 feet, approaching the 
ash-cement-concrete section, there were occasional spots where coarse 
stone showed, but these had no tendency to ravel. 
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ExPERIMENT No. 5.—REFINED SEMIASPHALTIC O1Ls.—PENETRATION METHOD. 


This section, while in good condition, was not as homogeneous as 
some of the others. Spots of coarse stone were showing in a number . 
of places, but there was no evidence of raveling. The surface was 
somewhat soft and traffic had developed a small ridge on the north 
side of the road about the middle of the section. 


Experment No. 6.—SeEmMIsoltip REFINED SEMIASPHALTIC Or1L—PENETRATION 
METHOD. 


In general this section showed a smooth, well-bonded surface re- 
sembling sheet-asphalt. Two small agpressione were noted about 
15 feet from the joint of the rock-asphalt section. 


EXPERIMENT No. 7.—REFINED WATER-GAS TAR—PENETRATION METHOD. 


This section presented an excellent appearance and had a smooth, 
hard, well-bonded surface. On that portion where an excess of 
binder had been used a thin film of smooth, hard bitumen covered 
the surface and an accumulation of mud and leaves had made it quite 
slippery. To remedy this difficulty, the surface was first scraped 
clear with hoe and shovel, after which a thin layer of limestone screen- 
ings was spread over it. 

The cost of this work was 0.428 cent per square yard for the entire 
section. 


ee a eee 


EXPERIMENT No. 8.—REFINED SEMIASPHALTIC Ort—PENETRATION METHOD. 


+t) ainda binieak ab nine emia ia 


This section had bled considerably during the summer and surplus _— 
bitumen had flowed toward the south side of the road. The surface 
was softer than any of the other bituminous sections and was marked 
by the calks of horses’ shoes. Toward the east end of the section 
coarse stone was showing, but the surface throughout was in very 
fair condition. 


7 
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EXPERIMENT No. 9.—REFINED WATER-GAS TAR AND SLAG.—PENETRATION METHOD. 


«eh onl? oe A ee le 


This section continued to be in very good condition, and the surface 
was firm and smooth. During the summer it was found necessary — 
to put a small patch of about 1 square foot in this section at station 
28+4. The cost of this work was 0.02 cent per square yard for the 
entire section. 


ee 


EXPERIMENT No. 10.—KeEntucky Rock ASPHALT. 


The general appearance of this section continues about the same 
as when the last inspection was made. A number of small shallow 
cup-like depressions were observed in the eastern half, but they are 
not of sufficient importance to need attention at present. 
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EXPERIMENT No. 11.—Opren-HEARTH SLAG—LimE. 


This section was originally constructed of open-hearth slag with 
slag screenings and unslaked lime for a binder. The section rerhaiied 
in fairly good condition throughout 1910, but after a prolonged dry 
spell during the early summer of 1911 the entire surface Bican to 


 ravel badly. It was therefore spiked up with a roller, harrowed with 


a spring-tooth harrow and then shaped by hand with a potato hook 
and shovel. Nine cubic yards of clay were spread over the surface 


_ and thoroughly harrowed into the slag, after which the surface was 


_ rolled. Over this rolled surface there were spread 5 cubic yards of 


"= «> = 
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| _ slag screenings and 1 cubic yard of limestone screenings, after which 
_ the surface was thoroughly wet and rolled. 


When inspected in October, considerable mud had formed, because 


_ the clay had come to the surface. Three cubic yards of stone chips 
_ were, therefore, spread over the surface to take up this excess of clay. 


The total annual cost for repairs to this section was 8.6 cents per 


_ square yard for the entire section. 


EXPERIMENT No. 12.—CEMENT CONCRETE—BITUMINOUS SURFACED. 


The concrete in these sections appeared to be in good condition 
and no cracks were observed. The surface, however, was rather 


_ rough, and for more than the width of a wagon down the middle 
of the road the bituminous surfacings had practically all worn off. 
A thin mat of the bituminous material was observed in places along 


the sides of the road throughout all the concrete sections, but there 
was nothing to indicate that one binder had given any better results 
than another. 

EXPERIMENT No. 13.—ASH-CEMENT CONCRETE. 


This section remains in excellent condition and has a much smoother 
surface than the other concrete experiments. The bituminous sur- 
facing is practically all gone from the middle of the road, but is still 
evident along the sides in a thin mat which can be easily stripped off. 


n EXPERIMENT No. 14.—BRIcK. 


It has unfortunately become necessary to cut out a large area 
for the entire width of the section at about station 7+50, owing to 


a relocation of the car line which now crosses the section at this 


point. It is now likely that the entire brick section will be removed, 
owing to the relocation of the north end of East Avenue and the 
consequent lowering of the grade of Forest Home Drive at this 
point. The portions of this experiment which had not been disturbed 


were still in excellent condition. 
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EXPERIMENT No. 15.—Om-AsPpHALT—PENETRATION METHOD. 


In July, 1911, raveled spots were found at the following locations — 
in this section: Station 1+82, 24 square yards; station 2+26, 4 


square feet; and station 2+34, 3 square feet. These places were 
repaired by removing the old material down to the foundation 
course, by a clean, straight cut. The edges were thoroughly cleaned 
and painted with bitumen, and the hole was then filled flush with 
No. 2 stone. After thoroughly tamping, bitumen and screenings 
were applied and this application was followed with a hot tamper. 
The patch was finished by the application of a seal coat and more 
screenings. 


The cost of these repairs was 0.44 cent per square yard for the © 


entire section. When last inspected in October, the general appear- 
ance of this section was good, although the surface was not very 
uniform. One small spot at station 0+75 showed signs of raveling 
and will probably have to be repaired this spring. 


EXPERIMENT No. 16.—ReEFINED ASPHALTIC PREPARATION—PENETRATION METHOD. 


This experiment was laid in two sections, Nos. 26 and 27, the 
former of which had a seal coat, while the latter did not. 

Section No. 26 includes the intersection of East and South Avenues. 
Owing to a leaky water pipe at this point, it became necessary to 
excavate at several places in the spring of 1911. This necessitated 
considerable repairing of the wearing surface along the east side 
of Kast Avenue and the south side of the intersection. Repairs 
were made in exactly the same manner as described under experi- 
ment No. 15. Since these repairs were not caused by any defects 
in the wearing surface, their cost is not included in the cost of mainte- 
nance of this section. 

When inspected in October, the general appearance of the surface 
of both sections was very good, with the exception of a couple of 
ruts about 2 inches deep in section 27, upon which no seat coat of 
bitumen had been applied. These were due to the heavy hauling 
of coal on narrow tires along South Avenue to the power station. 
Considerable mud had been tracked on the surface from the upper 
portion of South Avenue, which is unimproved. 


EXPERIMENT No. 17.—Om-AspHaLtT—Mix1na METHOD. 


By July, 1911, several large raveled places had developed and 
patching became necessary at the following places: 34 square yards 
at station 4+64; 4 square yards at station 5+36; and 1 square 
yard at station 5+6. The loose material was dug out and a patch 
was made in the same manner as described under the preceding 
experiment. When inspected in October, this section was found 
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to be in fairly good condition, but the surface was somewhat wavy 
and there were a number of small depressions scattered over it in 
which stone appeared to be beginning to ravel. Further repairs 
will probably be necessary in the spring. 

The cost of these repairs amounted to 1.17 cents per square yard 
for the entire section. 


EXPERIMENT No. 18.—Semisotip ReFrinep SEMIASPHALTIC Ort—MrxInG MetTHop. 


When last inspected, the appearance of the surface of this section 
demonstrated the value of a seal coat. That portion to which such 
a coat had been applied was generally good and presented a smooth 
surface much resembling sheet-asphalt. The remainder of the sec- 
tion on which no seal coat was applied was fairly well bonded, but 
rather rough and uneven. Several open spots at about the middle 


of this part showed signs of beginning to ravel. 


EXPERIMENT No. 19 A anp B.—ReFIneD WaTterR-Gas Tar—Mrixing Meruop. 


The general character of this section was rough and unsatisfactory. 
The portion designated as section No. 22, to which a paint coat had 
been applied, showed raveled spots at the beginning of the section 
and at about 15 feet from the beginning, and was quite badly raveled 
for a large area at the intersection of a cross road. This was due 
to the mud tracked on from the cross road and from the impact of 
traffic coming over the gutter. About 5 square yards of new sur- 
facing was put in here at a cost of 0.8 cent per square yard for the 
section. 

The remainder of the experiment constituted section No. 23, to 
which tarred chips had been applied, instead of a paint coat. It 
showed an area of about 2 square yards which was beginning to 
ravel on the east side of the road at the beginning of the section. 
Strips appeared across the road at 3 feet and about 100 feet from 
the end of the section in which the material was evidently becoming 
loose and it is probable that considerable repair will be required on 
this section this spring. 


EXPERIMENT No. 20.—Or-ASPHALT—MIXING METHOD. 


Owing to the fact that the binder used in the construction of this 
section was harder and more brittle than it should have been, the 
surface rapidly disintegrated and in July, 1911, it became necessary 
to resurface it entirely. This work was performed as experiment 
No. 25 and is described in detail in the earlier portion of this circular 
under experiments at Ithaca, N. Y. 
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Exprerment No. 21.—Om-AsPHALT—PREPARED FitLeR METHOD. ; 


a 








In July, 1911, it was found necessary to repair a few raveled places’ 
as follows: 14 square feet at station 3+5; 1 square foot at station 
3+12; 1 square foot at station 3+ 25; and 4 square feet at station 
34.44, The work was done in exactly the same manner as described 5 
under experiment No. 15 at a cost of 2.66 cents per square yard for the 
entire section. . 

When inspected in October, the surface presented a generally good ; 
appearance, excepting for a small depression showing coarse stone — 
at about the middle of the section. 


ExpERm™MENT No. 22.—Or1m-ASPHALT—PREPARED FILLER METHOD. 


No repairs were required on this section and, when last inspected, 
it presented a good appearance and showed practically no difference — 
from section 17 described in the previous experiment. A small loose © 
spot was noted at the beginning of the section in the middle of the © 
road. , 7 

EXPERIMENT No. 23.—AspHALT BLOCK. 


Lite BIN 


Cane 


While the general appearance of this section was impaired by a | 
heavy coat of mud which had been tracked on it, the underlyingll 
surface appeared to be smooth and in excellent condition. | 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEW YORK, 
N. Y., RIDGEWOOD, N. J., AND WASHINGTON, D. C., 1910.. 


OIL-CEMENT CONCRETE. 


ERSTE Neer: 


The original report of these experiments, including the report of an — 
inspection made January 21, 1911, is to be found in Circular 94. 
The following additional in fenton was gathered from an inspection 
made December 18, 1911. 


EXPERIMENTS AT New York, N. Y. - 


The surface is worn, at every joint separating the various. days’ f 
work, into a furrow Rav 6 to 12 inches wide in the center of the road 
tapering to nothing at from 8 to 10 feet from the center of the road, 
and from 2 to 3 inches deep. These furrows are located ata nie 
mately the following stations: 0+58, 1+20, 1+80, 2+12, 2+40, 
2+75, 3+20, and 3+90. In general the surface from station 0+00— 
to station 3+00 is in very fair condition, with the exceptions noted 
above, and 6 or 8 cup-shaped depressions from 8 to 15 inches in 
diameter and from 1 inch to 14 inches in depth. ? 

From station 3+00 to station 3+50 the entire surface is badly 
worn—particularly in the center of the road—and in appearance and - 
resistance to a knife appears but little better than a macadam road. 


} 
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From station 3+50 onward the road surface is in fair condition, 
except at station 3+ 90, where there is a hole 3 feet in diameter and 
_ from 2 to 3 inches deep. <A joint apparently was the initial cause 
_ of failure at this point. 

The cut across the road at station 2 +30 is still filled with the refuse 
of the cut. 


EXPERIMENTS aT RipGEwoop, N. J. 


The floors of the two bridges are in excellent condition and no 
worn depression is anywhere noticeable. In the middle of the road- 
_ way the wear is on the concrete, but a strip from 3 to 4 feet wide on 
- each side of the center is covered with about an inch of dirt. At the 
_ ends of the bridges the edges of the concrete are rounded by wear, 

but not in an amount sufficient to be detrimental to the floor. 


EXPERIMENTS AT WASHINGTON, D. OC. 


The general appearance of most of these sections, when inspected 
in March, 1912, had been marred by a number of openings in the 
surface. There are in all 16 of these places, 14 of whichhave 
an area of approximately a square yard each and are distributed 
_ along the south side of the roadway, while two larger ones have evi- 
_ dently been made for manholes and connections in sections No. 2 and 
No. 5. All of these holes have been ‘‘back-filled”’ with loose material 
and now exist as slight depressions. 
The general character of the undisturbed surfaces was good through- 
- out, with the exception of a worn depression about 2 square feet in 
area on the south side of section No. 2 at the middle of the section. 
Section No. 7, which was the first to be constructed, appeared to be. 
a little rougher and more uneven than the others, but further than 
this there were no apparent differences between any of the sections. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOISE, 
IDAHO, 1910. 


OIL-GRAVEL-MACADAM. 


The original report of this experiment is given in Circular No. 94, 
and the following is the report of an inspection made in January, 
1912: 

As noted in the original report, the experimental section on which 
data were kept was laid on a subgrade of dust, and the shoulders were 
nothing more than dust heaps. Most of the defects up to date are 
evidently attributable to this. The traffic is heavy teaming and 
automobiling, and the shoulders have become deeply rutted. Occa- 
sional depressions, one or two to every 50 feet, are noticeable 
throughout the section, but the bituminous bond is still excellent, and 
there is no tendency to ravel. Considerable mud has been tracked on 
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from intersecting roads, and this had frozen and covered the surface 
to the depth of an inch in places, thereby impairing the general 
appearance. There have been no repairs or systematic maintenance, 
other than occasionally cleaning the gutters, since the road was com- 
pleted. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT AMES, 
IOWA, 1910. 


OIL-ASPHALT-GRAVEL. 


The original report of this experiment is to pe found in Circular No. 
94. The following is the report of an inspection made November 21, 
FOTY: 

The surface is uniform throughout, excepting for a few slight breaks 
on the south side, about 3 feet from the curb, and these occurred 
during construction. About an inch of mud has been carried on from 
an adjoining road, which probably accounts for the fact that the 
section is somewhat dusty insummer. The traffic is heavy, consider- 
ing that the section is on a college campus, and there is quite a large 
proportion of automobile traffic. 

The section has been dragged a number of times in conjunction 
with other roads on the campus, but nothing has been spent or 
required for maintenance. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOX- 
VILLE, TENN., 1910. 


TAR AND OIL PREPARATIONS. 


The original report of these experiments is to be found in Circular 
No. 94, and the following is the report of an inspection made Novem- 
ber 22, 1911: 

All of the sections showed a firm, well-bonded surface. Most of the 
seal coat had worn off in experiment No. 1 and the surface presented 
more of a mosait appearance than that of section No. 2. The sec- 
tions constructed in experiments Nos. 1 and 2 with a refined coal-tar 
and refined tar preparation, respectively, were hard and smooth and 
could not be dug into with a knife. They both gave a more metallic 
ring under horses’ hoofs than section No. 3, on which an oil-asphalt 
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was used. This latter section had the appearance of sheet-asphalt, — 


and the material was still soft and malleable when dug out with a 
knife. Two depressions were noted in this section, one about 2 feet 
in diameter at the northeast corner of the intersection with Lake 
Street and another on the same side of the road at the east end of the 
section. Thesurface was, however, intact throughout and the depres- 
sions were evidently due to slight settlement. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGS- 


TOWN, OHIO, 1909. 


_ SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA- 


TION, AND SLAG AND TAR. 


The original report of these experiments is to be found in Circular 
No. 92, and the report of an inspection made January 27, 1911, 
appears in Circular No. 94. The inspection from which the following 
information was gathered was made December 10, 1911, shortly after 
a thin covering of snow had melted away. 


EXPERIMENTS Nos. 1, 2, AND 3.—Buast-FuRNACE Sua. 


An inspection of these three sections showed comparatively little 
difference between them. Section No. 3 appeared to be a little better 
bonded than the other two, but they all presented asmooth surface in 
the wheel tracks and a rough, rather loosened, surface in the middle 
of the road where horses had traveled. Section No. 2 presented the 
least desirable appearance in the middle of the road, owing to the fact 
that more of the larger-sized pieces of slag were loose and exposed. 
An engineer who has carefully watched the road during the entire 
year has reported to the office that it becomes rather loose during the 
spring thaw, after which it packs down to a smooth surface. There 
is no annoyance from dust during the summer on any of the sections. 


EXPERIMENT No. 4.—BLAST-FURNACE SLAG.—OPEN-HEARTH SLAG SCREENINGS. 


This section continues about the same as when the last report was 
made, and presents a hard, well-bonded surface. Its general char- 
acter is superior to any of the others, excepting the one treated with 
tar. Some slight unevenness has been caused for a distance of about 
100 feet from the north end of the section, and is evidently due to a 
settlement in the fill over which the section was laid. 


EXPERIMENT No. 5.—BLAST-FURNACE SLAG SCREENINGS AND LIME. 


This section had the same general appearance as the adjoining sec- 
tion described under experiment No. 1. The surface was smooth 
in the wheel tracks, but rough and inclined to ravel where horses 


had traveled. 


Experment No. 6.—Biast-FURNACE SLAG AND WASTE SULPHITE LiIQuoR 
PREPARATION. 


This section presented a generally good appearance and was appar- 
ently a little better bonded than the sections described under experi- 


ments Nos. 1, 2, 3, and 4. 
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Experiment No. 7—Buast-FuRNACE SLAG AND REFINED COKE-OVEN Tar. 


In general this section appeared to be in better condition than any 
of the other sections. While the surface was too hard to be dug 
with a knife at the time inspection was made, those who have watched 
the work during the year report that the binder still shows consid- 
erable life in summer. Several small, loose spots appear across 


"\ 
9 
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the road at about 80 feet and 100 feet from the north end of the sec- — 


tion at the point where the surface extends over a fill, and there is 
a general slight settlement from this point across the west side of 
the bridge over which the section passes. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 


MASS., 1908. 


ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL AND 
MOLASSES-OIL-LIME. 


These experiments are described in Circular No. 90 and reports of 
inspections have been published in Circulars No. 92 and No. 94. 
They were inspected again in January, 1912, and found to be in prac- 
tically the same condition as when previously reported upon in Circu- 
lar No. 94. Sections No. 9 and No. 10 continued to present the best 


appearance and were well bonded and in excellent condition. No — 


repairs had been made on any of the sections since last inspected. 

Section No. 11 on which a mixture of molasses, cil, and lime was 
used still presents a fairly satisfactory surface and was for the most 
part well bonded. © 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., 1908. 


SAND-CLAY. 


The original report of these experiments is to be found in Circu- 
lar No. 90, and reports of inspections in 1909 and 1910 appear in Cir- 
culars No. 92 and No. 94, respectively. 

The following are reports of inspections made in 1911: 


EXPERIMENT AT GARDEN City. 


This road was inspected December 15, 1911, and found to be in 
good condition, except as noted below. For a distance of from three 


to four hundred feet at the south end, the road is in excellent condi- 


tion—very hard, smooth, free from ruts or dust, and with uniform 
surface and crown. At the junction of the surface with the floor 
of the bridge across the Arkansas River, the surfacing was broken, 
causing a drop of from 3 to 4 inches. Such broken places were in 
evidence at a few other locations over the roadway, but they were 
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Il small in area and existed only where the material was crumbly. 
i therwise the surfacing was closely bonded, free from ruts and dust, 
and hard, like macadam. Near the bridge and at two other places 


along the edge of the surfacing, it was broken from the attack of 






i traffic. 

| This, however, is no fault of the material, but is due to the fact that 
J the surfacing does not seem to be wide enough to accommodate the 
_ traffic. New material has been added during the summer months 
_to the weakened places. The whole course has been thoroughly 
_ worked once with the road machine, and the split-log drag has been 
used after every rain on four different occasions. The road is in 
much better condition than when inspected one year ago and is 
} giving general satisfaction. 


LP ae 


EXPERIMENT AT Dopaes Crry. 


The inspection of the sand-clay road in Dodge and Richland 
_ Townships, Kansas, was made December 14, 1911. The whole course 
_ was found to be in generally good condition. New material has been 
added to bring the weakened places up to their original condition 
_ and even with the surface. That portion of the work in Richland 
| Township was recently given a thorough working with the road 
| machine. The high places in the roadway and the elevations at the 
_ shoulders were pared off, so as to give the roadway a uniform surface 
and crown. The split-log drag was being used to spread a little sand 
_ over the surface, in order to overcome a slight tendency to stick 
_ and pick up on the wheels after a rain. : 

That portion in Dodge Township, about one-fourth of a mile in 
length, was slightly rutted and showed neglect of maintenance. The 
drag was not used at all on this section of the road. Several slight 
_ depressions were in evidence near the axis of the road, varying in 
depth from 1 to 3 inches, but covering only small areas. The deepest 
one was filled with water from a recent rain and the others were 
muddy. Otherwise the road was hard and fairly smooth, and gave a 
ringing sound from the horses’ hoofs. The whole course is in much 
better condition than when inspected a year ago and is giving general 


satisfaction. , 
EXPERIMENT AT BUCKLIN. 


This road was inspected December 16, 1911, and the whole course 
was found to be in good condition. It has been recently repaired. 
New material was added where necessary, and the surfaced roadway 
was then worked over with the road machine, so as to produce a 
uniform surface and crown. After this a thin layer of sand from the 
sides was spread over the roadway. It was packing well under the 
traffic without developing ruts or cups, and gave promuse of an 
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excellent road. At the junction of the surface with the floor of the 
bridge across the Arkansas River a drop of from 3 to 4 inches was qj | 
in evidence, but it was still closely bonded. This had been caused — 
by the pounding action of traffic and was the only place overlooked — 
in the repair work. 


EXPERIMENT AT ForpD. 


The road was inspected December 16, 1911, and found to be in 
good condition, except as noted below, It had recently been repaired } 
by the addition of new material which was not properly spread over } 
the surface, but left uneven and wavy. It was closely bonded and } 
practically free from ruts, dust or mud, although it had been exposed  } 
to a heavy rain a few days previous to the inspection. | 


GES eh SA 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE ATINDEPEND- |} 
ENCE, KANS., 1908. 


OIL-ASPHALT IN CONSTRUCTION OF EARTH-ASPHALT ROAD. 


The original report of this experiment is to be found in Circular ~ 
No. 90, and reports of inspections made in February, 1910, and 
February, 1911, are contained in Circulars Nos. 92 and 94. The 
following report is based on an inspection made December 13, 1911. © 

Although a heavy rain of 24 inches had fallen on the road only 
two days previous to the inspection, it was found to be generally in 
fair condition. Tonopah Street was covered with mud to a depth — 
varying from 1 to 3 inches over that part disturbed by traffic, but 
the sides were practically free from mud and would bear light traffic 
without rutting. The entire surface on this street was sufficiently 
hard to sustain the traffic without developing ruts other than those 
in the mud which had been carried on from adjacent streets and 
washed down from the higher elevations. , 

Minnehaha Street, or the extension of Fourth Street, where the 
soil is decomposed shale and argillaceous sandstone, had the general | 
appearance of an earth road in good condition. There was no mud 
on this portion of the work, except at the intersection of a cross 
street where two places holding water were noted. These were found 
to be only about 1 inch in depth and the material remained hard and 
intact. The surface was entirely free from dust or ruts caused by 
trafic; but two gullies, one on each side, which were first caused by 
the breaking of a water main, had begun to form. No new material 
has been added nor has anything been expended for maintenance 
since construction. 


to 
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_ SUPPLEMENTARY REPORT OF AN EXPERIMENT MADE AT BOWLING 
GREEN, KY., 1907. 


pi aa 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment is to be found in Circular 
No. 89, and reports of inspections are given in Circulars Nos. 90, 92, 
and 94. The inspection on which the following report is based was 
_ made November 23, 1911, during a cold and fairly heavy rain. 
_ ‘The surface still presented a good appearance, and was firm, hard, 
and generally smooth. The rock asphalt was so thoroughly chilled 
that it could not be easily dug out with a knife, but local observers 
informed the office engineers that it possesses considerable life in 
summer. The white spots of limestone mentioned in a previous cir- 
cular were still in evidence, but the individual stones were firmly 
held in place. 

Several small, shallow depressions were noted in the western half 
of the section, but these might have passed unnoticed in dry weather, 
The small cup-hole mentioned in Circular No. 94, however, is now 
about 1 foot in diameter and is to be repaired. 
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LETTER OF TRANSMITTAL, 


U.S. DEPARTMENT OF AGRICULTURE, 
OrFIcE oF Pusuic Roaps, 
Washington, D. C., April 23, 1918, 


Smr: I have the honor to transmit herewith a manuscript of a 
circular prepared by this office entitled ‘‘Progress Reports of Experi- ~ 


ments in Dust Prevention and Road Preservation, 1912.” This 
comprises an annual review with full data regarding the experimental 


field work of the office, and is the seventh of a series of such publica- 


tions. J recommend that this document be issued as Circular No. 99. 
Respectfully, 
L. W. Paas, Director. 
Hon. D. F. Houston, 
Secretary of Agriculture. 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST PRE- 
VENTION AND ROAD PRESERVATION, 1912. 


EXPERIMENTS AT CHEVY CHASE, MD. 


[Completion of 1911 project.] 
OILS, TAR PREPARATION, AND NATIVE ASPHALT EMULSION. 


In Circular No. 98, at the conclusion of the description of the 1911 


experiments at Chevy Chase, Md., it was stated that, on the east side 


of Connecticut Avenue a water-bound macadam road was built from 
station 16+83 to the District line, and that it was proposed to treat 
this with bitumens applied as surface treatment. This work was 
accomplished during the summer and fall of 1912, thus completing the 
project from the District line to Bradley Lane. The details regarding 
methods pursued, materials used, and cost data were as follows. The 
bituminous materials for all of this work were donated, and the 
application was made under the personal supervision of a representa- 
tive of the manufacturer. 


Section No. 8.—REFINED WATER-GAS TAR PREPARATION—SURFACE TREATMENT. 


The section treated in this experiment is 782 feet long, extending 
from station 9+01 to station 16 +83 on the east side of the car tracks. 
It comprises 1,477 square yards of finished pavement. 

The bitumen was applied as a surface treatment to a water-bound 
macadam surface which was constructed in December, 1911. The 
stone used in this macadam was identical with that used in the other 
test sections. Owing to continued dry weather, the surface had 
become slightly dusty. All loose dust and screenings were removed 
from the surface with horse-drawn rattan-broom street sweepers, and 
the wearing course of stone was everywhere exposed. 

The material was applied cold from an automobile distributor, 
which was supplied by the manufacturers of the product. The 
bitumen was delivered in drums and the distributor was equipped with 
a pump for loading from drums. One application of 0.54 gallon per 
square yard was made and after it had been exposed to the sun for 
three hours limestone chips from 1 inch to 4 inch in size were spread 
over the surface at the rate of 0.014 cubic yard per square yard. 
The road was then opened to traffic. The application was made on 


August 24, 1912, and the day was clear and warm. 
5 
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In the compilation of the cost data no charge was made for the use 
of the distributor. The characteristics of the bituminous material — 
used in this experiment are given in the following table: 


=, 
> 
« 


TaBLE 1.—Analysis of refined water-gas tar preparation used on section No. 8. 








Specific gravity 25°/25° Cl $f AAR. hb .Che.. Cogo¢d. - Sea pS 
Viscosity, Engler, 50° C., 50 c. c. specific... .....-..-+:+-----:+ 22-3 ee 15.5 
Per‘ cent..of free carbon... 5... 2 56. See eee ee = ne oe pe 3. 04 
: , Per cent Per cent 
Distillation: by volume. by weight. 
WHLGI! ic ac op Cae oan oe Shee emes dee cs Lo nee 0.0 0.0 
Brat dioht oils to T10 lO ooo. ect ccn cas eae ae pee .0 0 
Second light oils 110-1707 CO oo ci 1 203 6 
Reavy. ous L/U0-270" Gao. se ccmiwe om oe eee See en a4 as 24.8 
Heavy ols 27073100 0 oe. . ee tine ee Se Pac ee Rae eee $10.9 9.7 
Pvtely TOSI UG son ok a pes RS ake ees so cane oan eee oe 2 58.8 64. 9 
Gta aac. Rosse -hegt va nie ated oa oe a 100. 0 100. 0 


Section No. 9.—ASPHALTIC PETROLEUM—SURFACE TREATMENT. 


This section extends from station 4+98 to station 9+01 on the 
east side of the car tracks. It comprises 761 square yards of finished 
pavement. The application was made to seasoned water-bound 
macadam which had been thoroughly swept with a horse-drawn 
rattan-broom street sweeper until all dust and loose screenings were 
removed. The road surface was slightly moist, owing to having been 
lightly sprinkled after it had been cleaned on the evening before the 
day of the application. | 

The bitumen was applied cold from a street sprinkler and was 
allowed to lie exposed on the road surface for six hours before chips 
were applied. Where the bitumen flowed into depressions in the road 
surface, it was broomed out with hand brooms to secure as uniform 
distribution as possible. The application was made at the rate of 0.53 
gallon per square yard. Limestone chips ranging in size from 1 inch 
to 4 inch were spread uniformly over the surface in such quantity 
that 1 cubic yard covered approximately 72 square yards. The road 
surface was then rolled and opened to traffic. . 

This section was treated on June 4, 1912. The day was clear and 
warm, and the bitumen had been well absorbed before the screenings 
were applied. 

The following table shows the characteristics of the bituminous 
material used: 

1 Clear. 


2 Sticky, semisolid. This material contained a small percentage of oil asphalt. A 350-375° C. fraction 
showed 7.5 per cent insoluble in dimethyl sulphate. 
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TABLE 2.—Analysis of asphaltic petroleum | used on section No. 9. 


ee gas aa a a cl die Rl: 0. 949 


eS, IS 8 a tO 37 
Burning point °C........ Peer Piss CLT PO TOA tk UE eae 68 
ere wauuneler, 2p) O:5150.c..c. specifics ..isccisecieseceveeleds ve. deted 118 
meme Ot toes at 105° C., Shours (20 grams) ....... 2.5.2. fee cede becsle deus 16. 71 
mm reetaioe (0°. CO.) (time)... 6... ee oe ce va ce oun we cediceves. Cae 
Seeeentor loss at 163° C.,'5 hours (20 grams).-.......:.........-...---.e 21aA0 
Srrresiaue (50° ©.) (time)............2........2.. 40 Ge 1? 20 
Per cent of total bitumen insoluble in 86° B. naphtha...................-. 9,10 
SIEEEICALDON 2.) 0 2 ho oe be wn velo bode heen decews ccet 4.91 
Seem eoinple in CS. (total bitumen)-:.-......................-..-..--. 99. 88 
Sue Oreanic matter insoluble..:.. 0.25.20. 22. b. iw; eee cece eee . 08 
peemorinorranic matter insoluble. -....2......0....60.0.0-2.-2220 2-0. . 04 
ee ta aha oe dele tin feces le ne ce eee 100. 00 


Section No. 10.—ReEstpuAL PETROLEUM—SURFACE TREATMENT. 


This section extends from station 0+ 16 to station 4+ 98 on the east 
side of the car tracks and comprises a treated area of 1,013 square 
yards. The surface of the macadam road was prepared by sweeping 
with a horse-drawn steel-broom sweeper until practically all the 
dust within an inch of the surface had been removed, and many of 


the surface stones were loosened or dislodged. The oil was handled 


with difficulty, owing to cold weather and to the fact that it con- 
tained a small percentage of water. It was heated in a 4-barrel 
heating kettle and, when sufficiently fluid to be applied, was trans- 
ferred to a 450-gallon tank wagon. Application was made by 
means of a special form of distributor attached as a trailer to the 
tank wagon. The oil fed’ by gravity to a rotary gasoline pump on 
the trailer and was forced through the distributor nozzles under 
about 60 pounds’ pressure. These nozzles were constructed so that 
the stream of oil under pressure struck upon the apex of a grooved 
cone. The spray of oil was thus broken into the form of a hollow 
cone, having a diameter of about 12 inches at its intersection with 
the road surface. There were eight of these nozzles, spaced at 
intervals of 12 inches on a horizontal pipe, so that an 8-foot strip 
could be covered on each trip. The application was immediately 
covered with screenings, and the surface was rolled as soon as the 
entire section was completed. The tank and distributor were first 
drawn by the roller, but it was later found more convenient to use 
teams. 








1 Fairly thin fluid, with strong naphtha odor. 
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This work was done in cold weather, between November 20 and 
November 22. The fact that the heating plant was adequate, and 
that the oil was a very viscous product, some of which contained 
water, resulted in higher costs than should have prevailed for this 
experiment. No charge was made for the tank and distributor, which 
were furnished by the demonstrator. 

The characteristics of the oil used in this experiment are given in 
the following table: 


TABLE 3.—Analysis of semiasphaltic residual petroleum } used on section No. 10. 


Specific gravity 25°/20% OL. soe sewecwevece ne cna. dose hee sae ene 0.976 
Viscosity; Englér, 100°'C.,100 c. c. specific... .. saad op oes Geen 13.1 
Hioat test at-32°- GC: Gime) 22s oe ow ww blk Se oe i a eee ee en 3/257 
Per cent of loss at 163° C.,.5 hours (20 grams)... <x 6.06 =< ni-.0 «me = «01 ik? 
Float'test of residue.(32° C.) (time)... 22.0025 eee see sae sees. =e 3/ 49/7 
Per cent of total bitumen insoluble in 86° B. naphtha ...................... 9.93 
Per centol fixed carbon. 0/062 3. Seca eae ses 2 =o ae ee 7. 67 
Per cent soluble in CS, (total bitumen)........:-.-.-....----= oem 99. 74 
Per cent of;organic mattér insoluble’. z. 23-06. +4 bawsores > deme - eee +23 
Per cent of-inorganic matter insoluble... ..<0---a0 dea-- nds oop eee 03 
POUL 22,212. fastest tees sot ee ee SEE aes Siete «lets nee en 100. 00 


SUMMARY OF EXPERIMENTS IN SURFACE TREATMENT. 


When inspected in February, 1913, it was found, on the section 
where refined water-gas tar preparation was used, that the entire 
bituminous surface had worn away, but that the binder had worked 
down into the interstices of the stone and was still effective as such. 
The surface has a mosaic appearance throughout. In one or two 
places, in the heavily traveled portion of the road only, has this 
surface broken through, causing a small muddy area in wet weather. 
An additional surface treatment will be required during the coming 
season. 

On the section where asphaltic oil was used, the surface is still quite 
generally coated with the bitumen. At several places where traffic 
is concentrated, the bitumen has worn through and at the time of 
rains becomes slightly muddy. A surface treatment will be required 
to carry this section through the coming season. 


The heavy, semiasphaltic oil surfacing had, of course, been on’ 


only a short time, but it was apparent that more screenings would be 
required with the advent of warm weather. 

In the preparation of the cost data, the same unit prices prevailed 
as were operative during the earlier period of this project. 





1 Viscous, sticky fluid. 
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 TaBLE 4.— Materials and cost data for experiments in surface treatment at Chevy Chase, 














Md. 
Quantity of 
materials 
per square Cost per square yard. 
yard. 
? Bites lot (path g 
Materials. A _ {9 <n ae S 
eS }a. ene le 3 
ra] ° d = v 7 7) 
iS) q S | 4s | a 2 a on 
7 et : o BE lodi& = 5 5 ° 
fo) oO wn n > q ol 2 n oO » 
So 2 és 80 “ ag Fey a a ee = 3 
oe o A= | o = of | ans | 80 f=| : Po S 
+ A> 2 A= | 8b 
E ieee 4-8) &.)-4 1a. |2.| 2.13.18. oe 
S are Gea|tor) (oMelimas Oop S.1 ital eae |e 4 3B 
8 | Refined water-gas | Sq.yds.| Gal. |Cu.yd.| Cts. | Cts. | Cts.| Cts. | Cts.| Cts.) Cts.| Cts.| Cts. 
tarpreparation.| 1,477 | 0.54 0.014 | 2.70 | 3.00 0.81 |..-... yt tet) (Os OOF eresers 7.01 |$103.54 
9 | Asphaltic petro- 
i 761 -53 OU a. TL loa. OO lass) Ponsa: 0.48 |0.63 | .47 |0.33 | 9.43 | 71.76 
10 | Residual petro- 
i ht ae 1,013} .79| .018 | 4.15 | 3.82 | .73 |21.20|..... .50 | .83 | .50 |11.73 | 118.82 





1 Automobile distributor used; no cost assigned for charging or distributing. 
2 Includes loading distributor. 


Section No. 11.—NAaATIvE ASPHALT EMULSION—MACADAM RESURFACING. 


This section extends from the District hne at station —1+85 to 
station 0+16 and has a total area of 388 square yards. It was 
planned to make it a part of the previous section and it was swept 
for this purpose, but, owing to a lack of oil, the work could not be 
completed. ‘The surface was therefore left loose in places and gener- 
ally rough. It was spiked up with the road roller and harrowed in 
order to shake down any fine material and leave only the large 
stones in the surface. Additional new limestone was spread over the 
surface in order to provide a layer of loose stone about 3 inches thick. 
This layer was composed of fragments ranging in size from 2} inches 
to 1 inch in their longest dimension. 

A rather wet mortar was then prepared by mixing fine trap screen- 
ings with the emulsion, the characteristics of which are shown in Table 
6, using approximately 104 gallons of emulsion to 4 cubic feet of 
screenings. The mixing was done in a revolving type of concrete 
mixer located at one end of the work, and the mortar was carried in 
wheelbarrows, dumped directly on the loose stone, and spread to an 
even surface with rakes. It was spread to a thickness of about 23 
inches above the finished grade of the road and, as soon as it had 
begun to dry out, as evidenced by a change of color from brown to 
black, trap screenings were spread over the surface, and a 10-ton 
road roller was used to force the mortar into the voids between the 
stone. The mortar picked up in clods at first, but these were 
shoveled back into place and the rolling was continued until only a 
thin layer of material remained above the surface stone. 

91793°—Cir. 99—13 2 
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The work on this section was done between December 9 and Decem- 
ber 16, and was interrupted by freezing weather and the necessity 
for drying about one-half of the screenings used. These facts 
account for a cost higher than it should be. The surface should have 
been finished by thoroughly sweeping it after it had completely dried 
out, and then applying a flush coat of emulsion followed by screen-— 
ings, but owing to adverse conditions, this part of the work was— 
postponed until spring. 

The following tables show the character of the trap screenings and 
the analysis of The emulsion used: : 





TABLE 5.— Mechanical analysis of trap-rock screenings. 





Passing $-inch screen, retained on 4-inch screen. .........-.-.-.-.- percent.. 12. 
Passing }-inch screen, retained on $-inch screen..........-..----. 008 dois Letodoge 
Passing }-inch screen, retained on 10- mesh pCr@en: 5.0) bdo ae ten Oba eek See 
Passing 10-mesh screen, retained on 20-mesh screen?:. 1.052. | Sa * eee de RAs. 
Passing 20-mesh screen, retained on 30-mesh screen...........-..--.--- do trae 
Passing 30-mesh screen, retained on 50-mesh screen..-.-....-...---.--- do. aa 
Passing 50-mesh screen, retained.on 80-mesh screen.........-.-. + =e do... .0/nae 
Passing 80-mesh screen, retained on 100-mesh screen........-...--..2--- doiwae oy 
Passing 100-mesh screen, retained on 200-mesh screen...........-.-...- do serie 
Passing: 200-mesh' screen 2 1:. 85.2. 00272014. .62114 IOS. AND a doz. BURRS, 
Total. 33 tied nent atecee sa deiee ees ot BORE es ee do.:.,. 100, Om 
TABLE 6.—Analysis of native asphalt emulsion used in section No. 11. 
Specific gravity |25°/25° CL... besos. ted beh ieen epe- bee bee au be 1.038 — 
Per cent of loss at 105°C. 5 hours (20 STAINS) |. 2. so ae - oeupe rs bots a 52. 54 
Penetration of residue (100 grams, 5 seconds, 25°C.) [mm].................- 19.5 
Per cent of loss at.163°C. (additional to above)... 20.22.40... 22. (3.35 
Penetration of residue (as above) [mm]. ..... JUL SS SUE SOS, ee 
Approximate composition: . a 
Lote oe oS oot os Re oa ee ee é pats pax ly Feerd ae ee per cent.. 49.50 
Bammioniuiren. ON Hee. el 8 eg eS “neg hi eg | OS Sn do... =a 
Maly and resin 4cids..4.-..---.see. 6 = wip te tae saps een do.... Viae 
BHUMOH. ook. ne be Dense apie cla ack te Sethe ee Oe do. 2: > ‘3623058 
Organic matter insoluble in CS: 20), CALORIE a do. 2)" Ge 
Inorganic maitter-24.710U9 . 5. 0. O0Gl: ager. SEI See doz.is20-3,30 
TOtAL, ca; o> a5 de pete Bis tee be mh ote ae eee 100. 00 


In the cost data which follow no charge for moving or rent of the — 
concrete mixer is made; it was furnished by the manufacturer donat- 
ing the material. The same labor costs prevailed as in the previously — 
described experiments, and the trap screenings were figured at $2. 40 
per cubic yard on the work 
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TaBLE 7— Materials and cost data for resurfacing with native asphalt emulsion at Chevy 





Chase, Md. 
Total area resurfaced, square yards..... Si =. Sure. apsle me" eee See BLT 
Materials per square yard: 
| ee ee ee LS 
Otc Varese... - re OMA GI At ORR 019 
Pomc ose vars. 2 VI ON Tieo>) 2h. Teepe ae Phe 045 
Cost per square yard (cents): 
I OICIING O10» SUTIACE i.e. isle apo o> lh pS nae ar die es vas onthe ck, 1.07 
ey rn oo ale ee nipt = ny es 4ageus i oh oe ee . 50 
fetter. ss ee ee I RO ee .47 
EEE STOUR aLOnG se LOO, PID Y ATOR ria. Pel een yore 4,64 
DIE SPOreteoes 18) 9: tO ised. aye. wl aida... comabenule 10. 82 
Drying screenings.......-. Sit taet ity sheet le Otte re ewig be eins 4,38 
ae Be, et ae ee nce Se 43.10 
OLR. cic on See ao eee ae 29 Fe swe we ee eee 10. 90 
le Aiea ap teed ec! 2. 65 
i I a 1 Ee a OY Re Se Pe 1.06 
REE Si es ee oh ce at» Sg va a = oS, nid Ss = na Rl oe 1.92 
ee ae ss cn a's > mappa wie ee 81.51 


EXPERIMENTS AT CHEVY CHASE, MD., 1912. 


BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL-CEMENT CONCRETE. 


The 1912 experiments at Chevy Chase, Md., form’a continuation 
of the experimental sections constructed during 1911. They were 
conducted upon a section of Connecticut Avenue, 6,195 feet in length, 
beginning at Bradley Lane, and extending north to the loop of the 
Capital Traction Co. tracks at Chevy Chase Lake. 

The work was begun on September 9, 1912, and was continued 
until December 13, 1912, when, owing to unfavorable weather con- 
ditions, it was discontinued. A length of 4,561 feet was partially 
completed. This will be completed and the remaining sections con- 
structed in the spring of 1913. 

The section of Connecticut Avenue selected for the experiments 
is on the west side of the tracks of the Capital Traction Co. and 
was formerly an 8-inch water-bound limestone macadam road. A 
cobble gutter was laid along a part of its length on the west side, but 
was provided with no outlet in practically the entire length of the’ 
section. When the experimental work was begun, the road had 
worn into a series of large depressions and was in an intolerably 
dusty condition. 

This old surface was spiked up with a steam roller and broken with — 
a plow and a scarifier, and the excavation and shaping of the sub- 
grade were completed by hand labor. French drains 3 feet deep 
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along the car track and 2 feet deep under the gutter supplied sub- 


drainage where it was required, and the stone removed from the old _ 


road surface was ‘‘shaken out’? and used in the drain trench. A 
concrete gutter of the “barrel” type, 3 feet wide and 4 inches deep, 
was laid along the west side of the road, and the distance from the 
outside of the rail to the outside edge of the gutter was 25 feet 9 
inches. The gutter, as constructed, formed a shoulder for the pave- 
ments, and consisted of a base of concrete in the proportions of 1 
part by volume of Portland cement to 2 parts of sand and 4 parts of 
gravel, and a top course of 4 inch of mortar in the proportions of 1 
part by volume of Portland cement to 2 parts of sand. 

_ The experimental pavements were laid adjoming the gutter and 
on the foundation, which were prepared as described above. A 
single contract was awarded upon plans and specifications prepared 
in the Office of Public Roads for the construction of six experimental 
sections, as follows: 


Section 1.—Bituminous concrete (Topeka specifications). 

Section 2.—Bituminous concrete (District of Columbia specifications). 
Section 3.—Cement concrete, surface coated with bituminous materials. 
Section 4.—Oil-cement concrete. 

Section 5.—Cement concrete. 

Section 6.—Vitrified brick. 


Sections 1 and 2 were entirely completed; section 3 was completed 
with the exception of applying the bituminous surfaces; sections 4 
and 5 were partially completed; and section 6 was not begun. 

The equipment consisted of a concrete mixer of the self-propelled 
rotary-distributor type, two 200-gallon heating kettles, a patented 
hand distributor, pouring pots, two 10-ton rollers of the 3-wheel 
type, a 10-ton and a 3-ton tandem roller, a scarifier, plows, and hand 
tools. Efficient labor was furnished and the work was done as expe- 
ditiously as possible, but considerable time was unavoidably lost by 
reason of unfavorable weather conditions and the delayed arrival of 
materials. 


EXPERIMENT No. 1.—Biruminovus ConcreEtTE (TOPEKA SPECIFICATIONS). 


’ Beginning with station 0—15 at the south side of the intersection 
of Bradley Lane and Connecticut Avenue, and adjoining the experi- 
mental surfaces constructed in 1911, this section extends to station 
6+20 and contains 1,498 square yards. The surface of bituminous 
concrete was laid upon a cement-concrete foundation, which was 
made up of 1 part by volume of Portland cement, 3 parts of sand 
and 7 parts of gravel. A bag of cement was considered to have a 
volume of 1 cubic foot. The concrete was mixed in a mechanical 
concrete mixer of the self-propelled rotary-distributor type. The 
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materials were properly proportioned in a charging device or “skip,” 
_ which was then raised mechanically and the contents were dumped 
‘into the drum. The water, automatically measured in an overhead 
tank, was turned into the drum at the same timo, and the concrete, 
_ after being partly mixed in the drum, was discharged into the rotary 
' distributor, where the process of mixing was continued until the con- 
crete was discharged from the end of the tube. The flow was practi- 
- cally continuous, and the distributor was swung across the road and 
_ the mixer moved ahead in such manner as to place the concrete upon 
_ the subgrade in approximately the position desired. It was then 
shoveled into place in such amount as to form when compacted a 
uniform layer 6 inches in thickness. The mass was compacted by 
_ tamping with concrete tampers, and the surface was then slightly 
indented by further striking with a rattan broom. 
_ Before the concrete of the base had taken initial set a shoulder 6 
inches wide and 2 inches deep of cement mortar, made in the pro- 
portion of 1 part of Portland cement to 2 parts of sand, was placed 
upon all edges of the base except those which abut against the 
— concrete gutter. 
_ The bituminous-concrete pavement was not laid until a month 
_ after the completion of the base. The surface of the base was then 
_ swept clean and all loose pebbles were removed. The bituminous 
concrete was mixed at a paving plant and hauled in wagons to 
the work—a distance of approximately 6 miles. It arrived upon 
the road at an average temperature of 280° F., and was immedi- 
ately spread uniformly on the base with rakes in such quantity as 
to insure a thickness of 2 inches after rollmg. The first rolling, 
which was begun immediately, was done by a 3-ton tandem roller, 
and this was followed with a 10-ton tandem roller. The surface was 
_ finished by sweeping a light covering of Portland cement over it. 
: Between station 6+ 20 and station 4+ 26 the pavement was hauled 
and laid during a drizzling rain and some of the bituminous concrete 
was in a cold and lumpy condition. 
An effort to secure the proportions specified for ‘“‘’Topeka”’ pave- 
ment was made by using only crushed rock and limestone dust for 
an aggregate, although it was evident that it would be difficult to 
obtain the exact proportions without using a certain amount of 
sand. Owing to impending winter weather and the necessity for 
prosecuting the work rapidly, the specifications were less rigidly 
interpreted than they would otherwise have been. 

From station 0+15 to station 3+19 the mixture consisted of 7.6 
cubic feet of limestone screenings, 8.8 gallons of asphaltic cement, 
and from 50 to 70 pounds of limestone dust. 

From station 3+19 to station 6+20 the mixture consisted of 8 
cubic feet of trap-rock screenings, 9.3 gallons of ‘asphaltic cement, 
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and 60 pounds of limestone dust. Complete analyses of both mix-. 


tures are given in the following table: 


TABLE 8.—Analyses of ‘‘ Topeka” bituminous-concrete mixtures. 


Limestone. Trap rock. 






Bitumen soluble in CS, (total bitumen)............- -per cent. T teald 8.7 
Mineral aggregate passing ?-inch screen, mined on yan screen, 

RICE ORO Gos Fe oc So dae ons corns os erie waa ere paige Ne rele ae a 1.8 2.0°% 
Mineral aggregate passing 4-inch screen, retained on 4-inch screen, 

Per Garces ISP, ON AE OT ES STE SS 11.3 14:09 
Mineral aggregate passing }-inch screen, retained on 4-inch screen, : 

GT CRAG ree ey SUS Sag apaerg ld oan: pect - peep ces a eee aie en 20.5 13.0 
Mineral aggregate passing 4-inch screen, retained on 10-mesh screen, q 

POLLO GI Ge Me me elem os Fog cag sine pe Bite oe Sigk eae eee a 14.5 8.8 
Mineral aggregate passing 10-mesh screen, retained on 20-mesh screen, ) 

per -centis... 60.0. SPR Oe, A eee 15.8 17.0 
Mineral aggregate passing 20-mesh screen, retained on 30-mesh screen, 

DOT COM: AS ook. od toes . mutercees Peeraceran: Sey <Pemanth « eden 5.8 7.3 
Mineral aggregate passing 30-mesh screen, retained on 40- Ne screen, 

ROE CON opty ct tis nie steele a eee Saute Hag eee eee 3.8 4.0 
Mineral aggregate passing 40-mesh screen, retained on 50-mesh screen, 

per Centicesiset. coc. vohis .eGeeoi ee eae 2 a 1.6 2.3 
Mineral aggregate passing 50-mesh screen, retained on 80-mesh screen, 

CH ht, Le 2 oe a, ee Lk Oe Mee o he, Sea 3.3 4.4 
Mineral aggregate passing 80-mesh screen, retained on 100-mesh 

SEE SI Soot opi 3 a a a PA RUD Meh RIAN ES SPRL IT fe 2 gS percent... Saas ise 
Mineral aggregate passing 100-mesh screen, retained on 200-mesh 

ecrpenter ey i. SA. AE eV eee percent’ :)2iize 4.6 
Mineral aggregate passing 200-mesh screen...........-...--- dos. .getlOal 12.1 








"Way 228 IB Pipa SS epee Span ana RY SEA TEN ME! Yon do.... 100.0 100. 0 


The binder was a fluxed native asphalt having a penetration of 
from 6 to 6.5 millimeters at 25° C. The general characteristics of 
a sample are given in the following table: 


TABLE 9.—Analysis of fluxed native asphalt used in experiments No. 1 and No. 2 


Ppeciic gravity 26°/25° C... o. eccs ncccedwanccctec sce bee eee eee 1. 074 
Melting point"i0.4... 124 SRG Ssh ig Olt: Bid. ae >. oe 53.0 
Penetration (25° C., 100 grams, 5 seconds) [mm.]....................-. 0.025 6.0 
Per cent, of; loss ,at{163°.G. (20 prams)o2ojsi es. pice. te deepen 2.86 
Penetration of residue (as above) [mm.].../......._J..-~-,..- - doc ane 2.9 
Per cent of total bitumen insoluble in 86° B. naphtha................----- 23. 83 
Percent of fixed carbon: fue. ooo re et oe 11. 20 
Per cent soluble in CS, (total bitumen) -f20i/22. 2les.t. Mo en ee 93. 56 
Per cent of organic matter-insoluble /2:.2..-.u,-che oc. o-0 J) ae 1.86 





| 
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ExPEeRIMEeNT No. 2.—Briruminous Concrete (District oF CoLuMBIA SPECIFICA- 
TIONS). 

This section extends from station 6+20 to station 12+50, a 
distance of 630 feet, and contains 1,400 square yards. 

A cement-concrete base and a 2-inch by 6-inch mortar shoulder 
were constructed as described under experiment No. 1, and, as in 
that experiment, a delay of one month was experienced before the 
bituminous-concrete pavement was laid. 

The surface of the base was swept clean prior to the application 
of the hot material and the latter was then spread uniformly over 
the base and rolled as described under experiment No. 1. The part 


of the section between stations 6+20 and 7+00 was laid during the 


rain mentioned under experiment No. 1. 

The bituminous concrete was mixed at the paving plant about 6 
miles from the work, to which it was hauled in wagons. From station 
6+20 to station 9+04 the mixture consisted of 7.6 cubic feet of 
crushed limestone, 4 cubic feet of sand, 60 pounds of limestone dust, 


and 9.3 gallons of asphaltic cement. From station 9+04 to station 


12+50 the mixture consisted of 7.6 cubic feet of crushed trap rock, 
4 cubic feet of sand, 50 pounds of limestone dust, and 8.2 gallons of 
asphaltic cement. _ 

The asphaltic cement was the same as that used in experiment No. 
1, the analysis of which is given in table 9. The characteristics of 
the other materials used in experiment No. 2 are given in the following 
tables: | 


TaBLE 10.— Mechanical analysis of crushed rock used in bituminous concrete for experi- 





ment No. 2. 

Limestone. Trap rock, 

Passing 14-inch screen, retained on l-inch screen. ....... percent... 4.3 5.8 
Passing l-inch screen, retained on }-inch screen........-...-do.... 15.3 py er 
Passing ?-inch screen, retained on }-inch screen............-do.... 34.4 38. 6 
Passing 3-inch screen, retained on }-inch screen............do.... 30.0 24.6 
Passing }-inch screen, retained on 4-inch screen... .......---do.-.. 10.3 2.5 
Passing 4-inch screen, retained on 100-mesh screen...-..-.---- do 283 15.2 4 
SE PTGS BETOCN © coi ye. tse > 122i ~ae)-) - a sbeee dot. i, ap a 
ieee Se tay eM a SO do...- 100.0 100.0 

TABLE 11.—Analysis of sand used in bituminous concrete for experiment No. 2. 
Passing 4-mesh screen, retained on 8-mesh screen....--------------- percent.. 33.8 
Passing 8-mesh screen, retained on 10-mesh screen...-.-.-------------- 0. gas 
Passing 10-mesh screen, retained on 20-mesh screen...-..-------------- doy fase 
Passing 20-mesh screen, retained on 30-mesh screen...-.--.------------ (oC pegs gh 597! 
Passing 30-mesh screen, retained on 40-mesh screen...--..------------- dos. Aaeoes 
Passing 40-mesh screen, retained on 50-mesh screen....---------------- do 22g Ged 
Passing 50-mesh screen, retained on 80-mesh screen.....--.------------ Jo... sip yD: & 
Passing 80-mesh screen, retained on 100-mesh screen....--------------- cota a0 
Passing 100-mesh screen, retained on 200-mesh screen...--------------- nt ae a 
op : 


Passing 200-mesh screen......-.-.-----------2-- eset r ere 





Ue en eee Serres a do.... 100.0 
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The following table shows the average analyses of material taken 
from carts: : 


Taste 12.—Analyses of bituminous concrete used in experiment No. 2. 
Limestone. Trap rock. 


Bitumen soluble in CS, (total bitumen)....-.-.....-..--- per cent... 6.7, 6. 7 
Mineral aggregate passing 14-inch screen, retained on 1-inch screen, 
PROUT is. 5 3 aie ciel tect ie foe ne eo ee ernie nome aise eee 2s eens 2.1 0.0 
Mineral aggregate passing l-inch screen, retained on #-inch screen, 
PSTeCOD by 15.23.50 /-5ss oak ise -Piefuae ae emeey Aniste wa tine a ee 13.2 6.5 
Mineral aggregate passing #inch screen, retained on 4-inch screen, 
per Cent Alii. eee. et le Ree. SOREL el oe eee 16.7 15. 2 
Mineral aggregate passing 4-inch screen, retained on }-inch screen, 
Me TINCT CCUG ee Fete ie an ae chan oi Win She a i ett 13.5 19. 2 
Mineral aggregate passing }-inch screen, retained on 4-inch screen, 
DORGAN soo aos. cae nat ng gem meme epsie yore eager ee 12.7 18.5 
Mineral aggregate passing }-inch screen, retained on 10-mesh screen, 
per cemtess4 .- «RLOGA Wait. (2a ARE EE OL ee Ors eee 6.5 ° 7.4 
Mineral aggregate passing 10-mesh screen, retained on 20-mesh screen, 
DEE COM LA .c xs ol< Big anke ee stew $e ER, Sle pee Fens ee EL te” 7.6 8.7 
Mineral aggregate passing 20-mesh screen, retained on 30-mesh screen, 
WOE CON a oh le wih pst gn nite sdb. can parte faces rs teas 3.5 4.0 
Mineral aggregate passing 30-mesh screen, retained on 40-mesh screen, 
Berean hoes es Se oe nike Ses se oe eee Ge ain Re eS tc 3.3 3.3 
Mineral aggregate passing 40-mesh screen, retained on 50-mesh screen, 
Mer icenis uss wt aes Jt. em sutes oot Saar aes aes bee 2.0 1.9 
Mineral aggregate passing 50-mesh screen, retained on 80-mesh screen, 
I eS en eek ae 4.1 4.0 
Mineral aggregate passing 80-mesh screen, retained on 100-mesh 
SSE E 2S eae ene Pe eae a RE RE CE, Sonu Mie ae per cent... T.1 p bey” 
Mineral aggregate passing 100-mesh screen, retained on 200-mesh 
CPN oat ln a wn Va os Satan su =e Ve ER On eee per cent? > 7a 2.6 
Mineral aggregate passing 200-mesh screen.......... eka see d0..°3 See 5. 8 
TOtalSy. . 2. 0b. oe. OUR Lee eee do 100. 0 100. 0 


After another delay of one week, due to unfavorable weather, a 
fluxed native asphalt of the same general character as that used in 
the body of the pavement was applied as a seal coat by means of a 
patented hand distributor. The seal coat was immediately followed 
by a layer of clean stone chips, after which the surface was rolled. 
The average temperature at the time of application was 35° F., and 
the bitumen hardened immediately upon touching the surface. It 
was therefore impossible to effect a uniform distribution of the 
material. 


EXPERIMENT No. 3.—CEMENT CONCRETE—SURFACE COATED WITH BrruMINOUS 
MATERIALS. 


This section adjoins the one just described, is 1,253 feet in length, 
and contains 2,837 square yards. The concrete was mixed in the 
mechanical batch mixer described under experiment No. 1 in the 
proportions of 1 part of Portland cement to 14 parts of sand and 3 





: re. 
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_ parts of coarse aggregate. Between stations 12+50 and 15-484 and 


between stations 21+60 and 25+03 a gravel aggregate was used 
which consisted of particles of stone well graded in size between those 
retained on a screen having 4-inch circular openings and those passing 
a screen having 14-inch circular openings. It was also provided that 
not more than 75 per cent should pass and not more than 75 per cent 
be retained on a screen having }-inch circular openings. Between 
stations 15+84 and 21+60 a crushed limestone aggregate was used 
which consisted of that part of the run of the crusher which was 
retained on a screen having }-inch circular openings and which passed 
a screen having 14-inch circular openings. The method of mixing 
was the same as that described under experiment No. 1, except that 
a greater quantity of water in an amount necessary to give the con- 
crete a “‘quaky” consistency was added. The concrete was spread 


_evenly over the subgrade with rakes and shovels to a depth slightly 


ereater than the finished thickness of 6 inches, and the surface was 
then ‘‘struck off” by means of an especially designed ‘‘strike board.” 
After this the surface was finished to true grade and cross section with 
a wooden float. The floating was done from a bridge which rested 
upon the side forms and the concrete gutter and could be advanced 
as the work progressed. Joints between the days’ work were formed 
by placing a 3 by 6 inch plank on edge at an angle of 80° to the 
center line of the road. Before continuing the work of laying the 
concrete the plank was removed and the face of the joint was washed 
with a 10-per cent solution of muriatic acid, followed by water. 

As soon as practicable after laying the pavement it was covered 
with canvas and was so protected until the concrete had thoroughly 
set. The canvas covers were then removed and the concrete was 
covered with a layer of loam or sand about 2 inches in depth, which 
was kept thoroughly wet for a period of eight days. The covering 
was allowed to remain on the pavement for a period of 15 days, after 
which it was removed whenever it was convenient to do so. Loam 
was at first used for this covering, but it was found to be difficult to 
remove it entirely, and sand was therefore adopted as a covering on 
all sections which it is planned to cover with a bituminous carpet 
coat. This coat was omitted from the original construction on 
account of cold weather, and the work will be done in the spring 
of 1913. 


EXxpERIMENT No. 4.—O1n-CEMENT CONCRETE. 


This section was constructed in two parts and is not yet com- 


pleted. It adjoins the former section at station 25+03 and extends 


to station 33-++60, where it is interrupted and is continued from sta- 
tion 42+50 to station 44+61. The length of the part constructed 
is 1,068 feet and it contains 2,430 square yards. 

91793°—Cir. 99—13——3 
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From station 25 +03 to station 27+29 and from station 42+50 to 
station 44+61 a coarse aggregate of crushed limestone was used. 
From station 27 +29 to station 33 +60 the aggregate used was gravel. 
The character of the materials used and the method of construction 
were the same as described under experiment No. 3, with the excep- 
tion that a light residual petroleum, having the characteristics rep- 
resented in Table 13, was mixed with the concrete to the amount of 
5 pints per bag of cement. 


TABLE 13.—Analysis of fluid residual petroleum used in oil-cement concrete for experi- 








ment No. 4. | 

Specifie gravity 25°/25° GO... . AL. AR, a i ee eee 0. 933 
Viscosity, Engler, 50° C., 100 coc. specifiers. ios. .e%. Jd 2s. ae 27.8 
Per.cent of loss at 163°,C..(20 grams),.1. 0. 2pes fb awn pape Yn eee 2,67, 
Float test of residue, 32° C. (time)... ¢ 2.2 oe oe eee ae ee BP ay 
Per cent of total bitumen insoluble in 86° B. naphtha. ....-.....-... a. a eee 
etre OF KOU CALNO... 0. ce. oe een. oe ee wen oe cee ts tea ne 3. O1 
Per cent, soluble in CS, (total bitumen)-*.2-- 21:2 -- 2-2 fer 99. 90 
Per cent of organic matter insoluble: /. >. oy. 2. 5. 28: . 08 
Per cent of inoteanic matter insoluble! /7s. 200 TT 2. . fo. + - 22. ee . 02 

DOtal . 0.pofo ano frig ba oe vig 3.5 wow gine hip Soci iin ee ee 100. 00 


The total length of this section as planned is to be 1,350 feet. The 
remaining length will be constructed in the spring of 1913 and the 
surface of the section from station 25+03 to station 31+00 will 
also be given a bituminous carpet coat at that time. 


EXPERIMENT No. 5.—CEMENT CONCRETE. 


This section lies between the two parts of experiment No. 4 and 
extends from station 33+60 to station 42+50, a distance of 890 
feet. It comprises 2,011 square yards. The materials used and the 
method of construction were the same as described under experiment 
NO,:3: 

The remainder of this section, to a total length of 1,350 feet, will 


be completed in the spring of 1913. No bituminous carpet coat 
will be applied. 


EXPERIMENT No. 6.—VITRIFIED BrIcK. 


No work was done on this section. It will be constructed in the 
spring of 1913. 


SUMMARY OF 1912 EXPERIMENTS AT CHEVY CHASE, MD. 


When inspected in March, 1913, all of the surfaces were in excel- 
lent condition. Transverse contraction cracks had developed 
throughout the length of the gutter and at varying intervals through- 
out the several sections of concrete pavement. About 50 per cent 
of the cracks in the latter had formed at the same point as cracks 
which had already developed in the gutter before the pavement was 
laid. Pavement cracks occurred at less intervals throughout the 
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_ plain gravel and oil-cement-gravel concrete than in the sections 
where limestone aggregate was used, but this may possibly be due 
to the fact that the latter sections were laid in colder weather and 
were consequently less liable to contraction from a fall in tempera- 
ture during the early period of hardening. 
. In connection with this experimental concrete roadway, an inter- 
esting set of observations is being taken on the change in length of 
: the concrete. It is hoped that by accurately measuring the change 
in length of the concrete roadway, due both to temperature and to 
moisture, data of practical value will be obtained to permit more 
efficient spacing of the so-called expansion joints. In the experi- 
mental road at Chevy Chase, measurements will be taken over sec- 
tions of plain concrete with gravel, limestone, and trap-rock aggre- 
gates, over sections having bituminous coatings, and over sections 
of oil-mixed Portland cement concrete. For this purpose brass 
plugs 5 inches in length and three-fourths inch in diameter are being 
embedded in the concrete just before the final floating and are spaced 
in double rows 5 feet from the sides of the road, one row with a 
10-foot spacing and the other with a 50-foot spacing. The latter 
are for making lateral readings. The tops of the plugs are drilled 
with a ;-inch hole and are protected by means of a brass collar 
into which a plug of putty is inserted. 

Measurements are taken from plug to plug by means of a specially 
designed 10-foot strain gauge. This instrument, which was designed 
to give an accuracy of +5, inch in 10 feet, consists of two 4-inch 
tubes, one of brass and the other of steel, inclosed in a double brass 
casing, with diameters of 3 inches for the outer casing and 2 inches 
for the inner casing. The ends of the instrument are supported by 
castings containing hardened steel points, and one of these castings 
is fitted with two micrometer heads and the other with two hardened 
steel plugs with flat ends. Readings are taken by resting the two 
points of the instrument in the ;'.-inch holes drilled in the embedded. 
brass plugs. The double tubes, one of steel and the other of brass, 
are used to take care of temperature changes as readings are taken 
-at different seasons of the year. The instrument has been carefully 
calibrated by reading on a steel gauge bar immersed in water at a 
constant temperature. Steam was passed through the inner casing 
and readings were taken upon micrometers, and finally cold air was 
likewise passed until the bars had both been reduced to the same 
temperature, when micrometer readings were again taken. From 
the result of this calibration means are at hand for judging the 
: average temperature of the tubes from their measured difference 
in length and a very accurate method is furnished of reducmg the 
micrometer readings on the road to what they would be if the tem- 
perature were to remain constant. 
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The following approximate costs to date are given, although these 
will be subject to revision when the project is completed and several 
items of miscellaneous and overhead charges can be properly redis- 
tributed. The final tabulation of materials and cost data will there- 


fore appear in a later report. 


TaBLE 14.—Approximate cost of 1912 experiments at Chevy Chase, Md. 


UNIT COSTS. 
Materials delivered on road: 


Cement: (per barrel) 2. St. Pai eR ALL RE Ae eee 
Sand i(periton)-|. .b.gerasie: od. ee alan -fenstoees- oes eee 
Gravel (per ton) 2 ot Poe wee ones ce ie Ee ol ee ee 
Inimestones (per TOM) oP 2 Sk As Ts es gee re 
Water furnished free from hydrants along road. 
Labor (per hour): 
Ainskilled yi... CITE oP RA SPOT Eee th CB eee 
Cement; finisherst:ON 4c] ....<nteren ees - datneeias -b pen ee 
EOIDOCTH, Siang sods sore diet -Di decent Wek deme if eee 
Cal DOD Gli cis eo cote hen ie tere Ee ae Pies OE an ok 
PGPOWNM 2 ore cn olan ive ce ooo 4 pol epee ee ee CIN ae ROR ees ee ee 


APPROXIMATE COST PER SQUARE YARD. 


Experiments Nos. 1 and 2: 

















Grading and shaping..... viet batac tne ate Wicee Sc Sa 
Wancréte base 2222.17 220 oc ae eet ee ee a epee 
Bituminous concrete— 
Mrxoe plan tele! eae aie eee arin taa Sele ee eee ae cer 143 
Hauling trom plant'to road. tv. Sis... ORG RN Giese gee 119 
Laying). SecA a Oo iy An. COR 16 
Superintendence and miscellaneous...............-.-.-.---.----+--- 
POU ee ae See ce Smimpu dw micteae egestas hs ae ete ice 
Mortar shoulder, 2 by 6 inches (per linear foot). ............2....-..-+++-- 
Experiment No. 3: emual 
Prepamndgioundationitel cht oo iin dene att ae oie canes 19. 80 
Gonerete pavement.t 0. bn cua t Was apt ae etc we cue Cte ena ae 94. 34 
Frovection ol pavement afteriavying oer aos 2 eee 1.55 
Superintendence. 2 oT. aes awe oe ere heer e. eee 14. 89 
Miscellaneous............ DIATE ihe Bis one US ¥, AOE. Baers 11. 43 
PEO Cad iG te ei ais iw ont cou ek Sane Tia ode Yee tees ee 142. 01 
Experiment No. 4: 
Ereparineg foundation. 2... 2s ¢¥ ra Bee Coa ece tne e oe ee 19. 80 
Oil-concrete pavements... 25) cu ne rec otea cee nee oe 102. 00 
Protection of pavement after laying....... 4 SUL Rae 1.55 
Superintendénce: wee. 1 seen Shee a ee ei 14, 72 
Miseellaneous si ec aet pend 5 Seread scien ie ete aren 11. 43 
otal foe. eee ot BA FER ee ee a eee 149. 50 











1 Estimated. 


Cents. 
162 
110 
136 
155 


294 
50 
50 
50 
60 


Cents. » 
20.0 
78.5 

















Limestone 
aggregate. 











19. 80 
105. 00 


14. 72 
11. 43 





152. 50 








- 
J 
4 






Experiment No. 5: 
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Gravel Limestone 
aggregate. aggregate. 











EES 1 ) ER SR 19. 80 19. 80 
Concrete pavement...:....... Melt 45. (4S reas ere rey hate: Set 94, 34 97. 34 
motection of pavement after laying....:..-_..5........:.-... 1. 55 1. 55 
as LE a sacl AS a a a ah a Sales Sag 14. 50 14. 50 
ete es SB 11. 43 11. 48 
Ee So See oe eS NO ENRON Torin 141.62 144. 62 
ER RS 60.00 60.00 


EXPERIMENTS AT WASHINGTON, D. C. 
TAR PREPARATION AND OILS—-SURFACE TREATMENT. 


The following series of experiments was conducted on the roads 


_ traversing. grounds of the Department of Agriculture, Washing- 


ton, D. C., for the purpose of obtaining comparative data on several 
well-known bituminous materials adapted to cold-surface treatment. 
The roads selected had been entirely resurfaced with limestone 
macadam in the fall of 1911 and are 16 feet in width. Although 
subjected to only a moderate traffic of light delivery wagons, carriages, 
and automobiles, the surface had worn perceptibly during the summer 
of 1912, and the repair of a number of small depressions was necessary 
before the surface treatments were applied. 

In June, 1912, the entire area of these roads was treated with a 
molasses-lime mixture, using the same proportions as given in Cir- 
cular No. 98 for the treatment of Bradley Lane. A steel sprinkler 
was used and the mixing was done directly in the sprinkler. ‘The 
cost of the application, including repairs to the surface, was 2 cents 
persquare yard. The treatment was followed by heavy rains covering 
a period of about 10 days, which washed most of the application 
from the surface and the roads soon became dusty. 7 

The following experiments were conducted during the last week 
in October, 1912. Owing to rather cold weather durmg this period, 
all of the materials required a slight amount of heating, which would 


not have been necessary earlier in the season. . 


The road surface was in all cases thoroughly cleaned by sweepin 
with hand push brooms; all holes and depressions were picked out 
clean to a depth of 24 or 3 inches and filled with new stone and screen- 
ings, which were ‘“‘hand-tamped”’ into place with sufficient water to 
make the patch secure. The bitumens were all applied by means of 
a 750-gallon pressure distributor, in which the pressure was produced 
by means of a rotary pump operated from the driving wheel by means 
of a chain and sprocket. It was drawn by four horses and a pressure 
of from 60 to 75 pounds could be easily maintained. The oil was 
driven upon the road in the form of a series of fan-shaped sprays 
having a width of approximately 9 inches at their intersection with 
the surface. Eight nozzles made it possible to apply a 6-foot strip 
for each run of the distributor. The materials all came in 50-gallon 
drums or barrels which were rolled by hand up an incline of planks 
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and allowed to drain from the bung into the manhole of the dis- 
tributor tank. 

The application was covered with a layer of screened and washed 
river gravel, and the mechanical analyses of two grades used are 








shown in the following table: : 
Tasie 15.— Mechanical analyses of gravels used in surface-treatment experiments. 

Fine, 
Coarse, sections 
section 1. 2, 3, 4. 
Retained on 4-inch‘scréen BOTA AYW TS. ANS per cent.. 16.0 2 e 
Ree OU OL eTIUC. OCI OOD oo bie oo was wider wpune hin + met peeiae (LO... coceiaatie aie 56. 2 
PRU OT SINC SCTEOLG oye fo oe can che waite Glare Cee nee dO.c i hue 27.8 
Retained on’ 10-mesh screeniiis. ij. 4 22 eat es - 20-5 dojan- .6 4.2 
Passing 10-mesh screen. .-.-.. GR PAIRS RED OMe on ARETE Tea,» a iy iow, oe me 9.6 
atahs, sa dif .-eyeductaewsers a eierahed ty Sep Seat do.... 100.0 100.0 


Srection No. 1.—ReEFINED WATER-GAS TAR PREPARATION. 


This section runs parallel to Fourteenth Street and at its north 
end intersects section No. 2. Including the triangle at this north in- 
tersection, it has a total area of 1,318 square yards. The distribution 
was somewhat uneven, and it was thought best to defer spreading 
the gravel for a day in order to allow the tar to penetrate better and 
be broomed more evenly when the sun had rendered it more fluid. 
A heavy rain came on and the wind brought down large quantities 
of leaves which adhered to the sticky surface. After two days these 
were removed as much as was possible by raking, and the gravel was 
spread while the section still showed small pools of water throughout 
its length. Most of the gravel for the north half of the section 
was dried, but, when rain came on again, the drying was discon- 
tinued. The coarse gravel was used on this section, excepting for a 
short stretch at the south end, where the finer grade was used. After 
thorough rolling the section was opened to traffic. | 

The characteristics of the tar used in this experiment are shown 
in the following table: 


TABLE 16.—Analysis of refined water-gas tar | used on section No. 1. 





PPerIC OTAVIEY 20/20 Oo se eo ee eee re 1.126 
Viseosity, Engler, 50° C., 50 c. c’ specific... ...-..--.-h-05.css0¢ > ee 29.8 
Per cent of free carbon ‘(insoluble im’ CS,)01 0. 205.2 02.0.40 ce. 2 eae 2.43 
Distillation: ee sah py welght 
HE IY aie IEE AS. Bi pi REED Cray Dea Psa: Dries aN Po aa 0.0 0.0 
Toret Uene Olle tty «e (clear)... 2 eet eee eee 6 om) 
Second light oils 110-170° C. (turbid)... ....2.22.00222022. 1.9 1.6 
Heavy oils 170-270°:C. (slightly turbid)... eave.1]...taiocet 21.4 18.8 
Mestiyy ole 2706315 °.0 (clear che a... act duke an oben 214.5 13.1 
ARCH POR ees jc a Dn Meee see aoe ae See 61.6 65. 9 
PORE raph hee aye eee cook weirs Sees SN wed oe ae pies eee a ie 100. 0 99.9 





1 Rather viscous, sticky fluid. 
2 Showed 7.5 per cent insoluble in dimethyl sulphate. A 315-350° C. fraction showed 10 per cent and a 


350-375° C. fraction showed 7.5 per cent insoluble in dimethyl sulphate. The material therefore contains 
a Small percentage of oil asphalt. 


in aie 


rt | 
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Section No. 2.—Aspuautic Perro.eum. 





Section No. 2 connects Thirteenth and Fourteenth Streets. It is 
635 feet in length and has an area of 1,129 square yards. The 
characteristics of the oil used are shown in the following table: 


TABLE 17.—Analysis of asphaltic petroleum! used on section No. 2. 


I OM LOG) ie aid cue 22 Aa). Yt ee ovesude . eos. eee 0. 947 
ee nn no owls mln dy wiv nie we Sap ube lone see nme 328 
ear. LE SAS Liew i, ek Lalu. ot D0 el 68 
Viscosity, Engler, 25° C., 50 c. c. specific............. reel gtr]. 2-0 dee 88.1 
IC SE ee tr ct ee Fee 28. 06 
reminii) (7 (tiMie)*. |. ee ee can de cence cuccec en 1’ 45” 
Per cent of total bitumen insoluble in 86° B. naphtha....................- 8.88 
Sennen Carbon: ss Sel Te Re OST OY SOY 4. 84 
eeeetreo bie) in-Gs, (total bitumen)... ).oilec.n ces. lewevso ees]. ccs 99. 88 
Memeenror Oreanic matter insoluble 2. - 2.21)... js nce nem oheeeie ae ales bere eden . 08 
Peeeenewt inorganic matter insoluble.....:....2....-.--see+ae++ee-- eure oe . 04 
ae nS kee a oka aie ate icic Gs vues oe Coa 100. 00 


The application was immediately covered with the fine gravel, 
but owing to a failure in the delivery of this material the gravel was 
spread very thin at first and more was put on during the next few 
days as it was received. Practically all of the gravel on this and the 
two sections which follow was wet when spread. 


SrecTion No. 3.—RESIDUAL PETROLEUM. 


Section No. 3 is an extension of section No. 2 and connects Twelfth 
and Thirteenth Streets. It has an area of 711 square yards. The 
character of oil used is shown by the following table: 


Taste 18.—Analysis of semiasphaltic residual petroleum® used on section No. 8. 


rain 420° 0). eva. qt Se Ai. eee vise A. Fe NR 0. 957 
ti 2. 2 ad a ow ae wee wien See A ele nels one 167 
mmrrieer eras PULL 2 SPE Sa, Se 198 
Wascosity, Engler, 50° C., 50 c. c. specific....-.....----+b2- 2. eee ee eee eee 43 
et 0100 OS Fen ore ~ cnc a te es vapid hye - ihe + oes See to OL 
Per cent of total bitumen insoluble in 86° B. naphtha ........----.--------- . 65 
eB CATOOU <0 oi; 6 ac oie orev «wen nie ee oe nye oe nie ee ee we 1.47 
Per cent soluble in CS, (total bitumen) .......---...--------------- +--+ ++ 99. . 


Per cent of organic matter insoluble..........-.---+---+-----+----++e+eeteeeee 
Per cent of inorganic matter insoluble .........--------------+-+++++e--+-> 


ee ty nhs a a et eh el ae el yO) Le, Ow, MES Se) em le em ee ee ee an ee 





1 Thin fluid, with strong naphtha odor. 8 Slightly sticky fluid. 
2 Soft, with slight flow. 4 Residue too fluid for float test. 
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The application was immediately covered with the fine gravel 
and the surface was rolled the following day. The oil began to 
“bleed” after a few days, producing a sticky surface when the nights — 
became cold, and small strips were picked out by automobile tires. 
The surface therefore received a wen application of sand on three 
separate occasions. 


SecTIon No. 4.—ASPHALTIC PETROLEUM. 


Section No. 4 is parallel to Twelfth Street and runs south from 
section No. 3. Including the two arms of the ‘“Y” at its north end 
it has a total area of 1,330 square yards. The oil was applied to 
such an extent as the road surface would retain, but, owing to the 
lower viscosity of the material, a single application could not be 
made as heavy as with the materials used on the previously described 
sections. Fine gravel was applied a few hours after the application 
was made and the surface was rolled the following day. 

The following table gives the characteristics of the oil used: 


TABLE 19.—Analysis of asphaltic petroleum! used on section No. 4. 





BpeCHiG CTavily 2020" "CU. ore cc cc nee ce OO ee tas See cate eer 0: 926 
Plaash pom? Cis ones ee Ld A Ee IY a ee 27 
Burning point? »Ciegch. so. ta. ARV Sie Se eee ee 46 
Viscosity, Engler, 25° C., 100 c. c. specific............ WEY ne ee Sr 41.5 
Rericentot lossat 163;°C. oo 2.5 tins. Metco s sce Shel Bean i oe 25. 83 
ina vestor residue O02. .(tim6) 2.4 oot ok 1 oar sat ae tae pene ae inst oad Lae i 52 
Per cent of total bitumen insoluble in 86° B. naphtha ....................- 12.59 
Perce Or XO CALDOD oc... gis cs + sa\sm' ers om uno Winn eee sine oe ele ee 7.23 
Per-cent soluble in CS, (total bitumen). -...2.25.2... 05. 5.2 en e+ cee 99.97 
rer-cent of organic matter insoluble - Te Re eee eee . 03 
Per cent. of inorganic matter insoltible.2. 22 ...5. Aw Sa eee . 00 
Potale ns: 062 PP aa SY SOR an 100. 00 


SUMMARY OF EXPERIMENTS IN SURFACE TREATMENT AT WASHINGTON, D. C. 


All of the sections presented a satisfactory appearance when 
inspected early in March, 1913. The gravel pebbles have produced 
a mosaic effect on all of the sections excepting No. 3, where the 
gravel has been covered by a sand and oil mat. Section No. 3 has 
also shown a tendency to become quite muddy after a rain, although 
this trouble is not as evident as it was at first. 'The muddy condition 
is only of short duration and the surface soon dries out, forming a 
smooth mat under traffic. Thesurface of section No. 2 has also broken 
up in a few spots less than a foot in diameter, but this has evidently 
been due to the fact that the oil was not uniformly covered with gravel, 
and a few small bare places were left unprotected. 








1 Thin fluid, with strong naphtha odor. 2 Slightly sticky. 
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In the cost data which follow no charge has been made for the 
distributor, which was lent for the purpose. Gravel cost $1.15 per 
ton; sand, 98 cents per cubic yard on the work; and the following 
unit prices for labor per day prevailed: 


Ee one wn ee ee ene ltt Sere os Vou re eee Sere ee $1.75 
ok wine be a tl ah eee tn Aw ME ee 3.50 
DUCT ho oye dw ge od bye alo CNet os tee came eee 4.50 
I RAI eck sic ci ap ole oo deis'e Phin w Be Ance oes  s a 4.00 
rete Poe. ac ee ele eateries tte ee eS 4.00 


91793°—Cir. 99—13——4 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT CHEVY 
CHASE, MD., 1911. 


TARS AND NATIVE AND OIL-ASPHALT PREPARATIONS. 


The original report of these experiments is given in Circular No. 
98. The following report covers the condition of the experiments 
up to February, 1913. 


Section No. 1.—REFINED Coat TAR—PENETRATION METHOD. 


At the time of the last inspection the seal coat had practically 
entirely worn off from the surface of this section over a width of 
about 20 feet out from the car tracks. This is the traveled portion. 
The remaining 20 feet, which is subjected to but slight travel, is still 
- In perfect condition. During the summer months several ruts 
__ appeared in this untraveled portion. This was probably due to the 
fact that the stone heaved slightly as the tar became warm under the 

action of the sun. With the passing of a heavy load a rut 2 inch 
deep was formed and cracks in the surface extended from 2 to 3 
inches out from the rut. <A surface treatment corresponding to the 
application of the seal coat will probably be made in the spring. 





Section No. 2.—REFINED Coat TAR—MODIFIED GLADWELL METHOD. 


Owing to excessive “bleeding,” this section was treated with 
chips several times during the season to take up the surface tar. 
Just prior to the last inspection the surface was very hard and 
smooth, and a light coating of chips was spread to prevent horses 
from slipping on frosty mornings. The application of these chips 
was considered supplementary construction and not repair, and the 
charge has been made for it accordingly. At the present time this 
section is in excellent condition. 


Section No. 3.—FLtuxep Native ASPHALT—PENETRATION METHOD. 


No repairs were made to this section, and at this time it is smooth 
and in general resembles sheet asphalt. 


Section No. 4.—GrLsonite Or ASPHALT—PENETRATION METHOD. 


In the spring of 1912 it seemed that repairs would probably be 
necessary to this section, but as the season advanced the entire sur- 
face “bled” slightly and uniformly and the apparently weak spots 
sealed over very satisfactorily. With the exception of slight mequali- 
ties in the surface, this roadway is in very good condition, and will 
probably require no repairs during the coming season. 


Section No. 5.—Om ASPHALT—PENETRATION METHOD. 


In the spring of 1912 this section was badly broken up along the 
gutter on the west side and at various places in the body of the pave- 
ment. Thesurface over these weak spots was removed, and new stone 
was added and treated by the penetration method with two applica- 
tions of 14 gallons and } gallon per square yard, respectively. The 
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total amount of repairs was 286 square yards, and the total cost of 
these repairs was $260.26. The entire surface of the section improved 
during the season. At the present time only slight repairs will be 
required to put the surface in proper condition. 


Section No. 6.—Om ASPHALT—PENETRATION METHOD. 


With the exception of several depressions in the surface along the 
cutter, due to a settlement in the subgrade, this section is now in very 
satisfactory condition. No repairs other than those necessary to 
the depressions will be required. 


Section No. 7, A anp B.—Om ASPHALT—PENETRATION METHOD. 


By the fall of 1912 a number of worn depressions had developed 
throughout these two sections. Although no raveling took place, 
the binder appeared to be “‘ punky” and lifeless, and it was considered 
advisable to repair all these places and apply a cold surface treatment 
to the section which had never had a seal coat. The loose stones in 
the depressions were cut out to more solid material. The edges of 
the cut were painted with some of the hot bitumen which had been 
used in the original construction. The hole was then filled with new 
stone and the patch was made by the penetration method. In this 
manner 11 square feet of patches were made on A, the “‘two-coat 
section,’’ and 52 square feet on B. The total cost of the former was 
$1.43 and of the latter $6.57. 

As soon as the patching was completed the patches on A and the 
entire surface of B received a cold surface treatment with an asphaltic 
oil. The application was made on December 17, 1912, with the same 
distributor referred to above (see p. 21). The weather was fair, but, 
owing to the cold nights, the oil had to be slightly warmed before 
application. The surface was thoroughly cleaned before the oil was 
applied, and the application was immediately covered with a layer 
of limestone screenings and given a light rolling. The characteristics 
of the oil used are shown in the following table: 


TABLE 21.—Analysis of asphaltic petroleum } used in surface treatment of section No. 7-B. 


Specific gravity: 25°/25% Cul. 2. s«stsewec ote alt> oa bieek - 25155 been pee 0. 959 
Higsh point © Cg hice cy ie ee ee a ee 38 
Dairning point 9 Olas wok oe ie «ac abe wigs «lds pete cee aes Sa 80 
Viscosity, Engler '25° Cr, b0iccrspeciliG. 2... s.a8 vues ws a 4ce ee ae ee 153.3 
Per cent of loss 163° C. 5 hours (20 grams)... [02 {6.205.252 0. 1 228 Se ee 
Float test of residue (5076.33 (time).O22! SOIL Salle! 2k Se ee 129" 
Per cent of total bitumen insoluble in 86° B. naphtha....................- 7. 84 
Percent of fixed’ carbon oo. 5 an ec. saw cccuces ce couse cn oe ee 4.96 
Per cent soluble ‘in ‘C8, ‘(total bitumen) /i377 002" i! so 9) 2 eee 99. 92 
Per'cent'of organic matter insoluble) Ait 9. 7 UR ie SA Se a . 08 
Per cent of inorganic matter insoluble:..:.2o.e. ceed] 19072 Be Ae . 00 
otal Ves LVAD ORIOL Sa BOS ee 100. 00 


1 Thin fluid with strong naphtha odor. 2 Soft, sticky, with slight flow. 
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TABLE 22.— Materials and cost data for treatment with above oil. 


NEM CQUAEO VATIS> 2... eck eee eee le ee oes cen. 925 
Materials per square yard: 


GES lag ae ile aia chanson Pa. | 0.013 
Smeets. 0. er TELSTRA S rl) Spire: felis, . 29 

Cost per square yard (cents): 

TE Ee er ee ne ee le Ss 2.79 
ge 2. 04 
rey ce fe ee POSTAL INS Se 49 
Ieee Onset) 29 Dat oP Uae eh yey . 26 
EEE COLes nc 8? Se SS Pk eae 28 
ET TEN EE Tae ae eS oe ec eee ae . 10 
a ea Fo ia i ey so 4 nts a 4)std ou cleo "24 
a ae ee a Se te 49 
Ie core. ee ee Se A OE 4” 

nnmnrtne £90027 4524 4310s Ad. Sle se lite. Ly se 71 23 


Beginning with March 4, 1912, regular counts of traffic on the 
Connecticut Avenue sections were made. The census was taken every 
13 days over a full period of 24 hours, and on May 25 and 26 special 
counts were made in order to obtain figures upon the spring holiday 
traffic. A tabulation of the average and maximum of each class of 
traffic for 30 counts is given below. The east side of the road carries 
outgoing traffic and the west side incoming traffic. A vehicle enter- 


ing upon and.leaving the experimental sections without covering 


their entire length is classed as local traffic. 


TABLE 23.— Volume and character of traffic on Connecticut Avenue between Chevy Chase 
Circle and Bradley Lane. 














East Side. West Side. 
Vehicle. Average. Maximum. | Average. Maximum. 
Through, Local. | Through.| Local. Through. Local. | Through.| Local. 
Loaded 1-horse wagon.....-.-- 9 7 20 17 7 6 19 15 
Unloaded 1-horse wagon...... 9 6 23 19 10 6 24 20 
Loaded 2-horse wagon.......- 12 5 44 20 13 5 82 19 
Unloaded 2-horse wagon...... 26 4 78 20 13 3 44 19 
Loaded 4-horse wagon........ Ab slceet Pe. Orbs wears. be hiod ofgie 4 3 
Unloaded 4-horse wagon...... hf: epee i hig eee | ie Pome 13. owe 
1-horse pleasure vehicle....... 9 3 18 5 | 10 2 20 6 
2-horse pleasure vehicle.....-. Del reese a3 8 4 1 1 6 5 
Rubber-tired horse vehicle. . . Tiger hosts 2 2 ly e- sss 5 1 
SURERMETIOTBO. .... 20+. 2----: 2 1 4 7 3 1 8 7 
Motoroyeles, cco. be: 3 1 18 4 5 1 13 2 
Motor runapout.............. 22 6 43 15 19 8 44 20 
Motor touring car............ 107 21 246 50 100 30 217 70 
Loaded motor dray...... oe 3 3 9 9 3 | 2 8 8 
Unloaded motor dray........ 2 1 5 | 5 3 | I 7 5 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE ON BRAULNS 
LANE, CHEVY CHASE, MD., 1911. 


REFINED SEMIASPHALTIC OIL. 


The original report of this experiment is to be found in Circular 


No. 98. At the time of the last inspection all three sections had — 


ThE . 


been more or less cut through by traffic, and the stones under these ~ 
bared spots were more or less moist. At these places the bituminous 

carpet had entirely disappeared, and it is probable that some supple- — 
mentary treatment will be required over the entire distance during ~ 


this spring. 
The three sections have not, however, deteriorated uniformly. 
Section No. 1, as indicated in the original report, was subjected to 


‘heavy traffic, owing to the hauling of contractors’ supplies. Owing ~ 


to the thick carpet produced by the application of 0.92 gallon of oil 
to the square yard, together with the sand and fine screenings which 
were used to absorb the excess of oil, the bituminous carpet over 
this section was quite thick. As the roadway is narrow and traffic 
is confined to practically one track, this carpet was squeezed out so 


that two broad shallow ruts were formed. The material displaced : 


by traffic lies in a mat from 14 to 24 inches thick on each side of the 
traveled road, where it serves no useful purpose. In order to prevent 
a further squeezing out of the bitumen in the wagon tracks, two 
areas were chosen near the middle of section No. 1, each 40 feet long, 
which were treated with chips ranging in size from 1 inch to 4 inch. 
The application was at the rate of 1 cubic yard to 48 square yards. 
The chips were forced into the roadway by a steam roller for the 
purpose of wedging and holding the material in place. This treat- 
ment was accomplished at a cost of 5 cents per square yard, and 


while it was effective in a measure and the displacement of the carpet — 


was not as great as over the untreated portion, it was not considered 
of sufficient value to the surface to warrant its general application. 

The thin layer within the traveled way has been cut through in 
section No. 1 in different places for two reasons. At several places 
the stone in the original roadway has continued to creep after the 
application of the surface coating, owing probably to subgrade weak- 
ness. In these places the bituminous carpet has entirely disappeared 
and depressions are worn in the pavement. In other places the 
carpet has worn away apparently from traffic only and the macadam 
surface beneath is still intact. Owing to the varied thickness of the 
cushion in its present condition, it will probably be necessary to 
remove it before an application of a new surface treatment. 

Section No. 2 which has a one-coat treatment of 0.61 gallon to the 
square yard, has not suffered from the displacement of material as 
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_ have sections Nos. 1 and 3. With the exception of several small 
areas in the wagon tracks, where the carpet has been worn through, 
this section is in fair condition and a light supplementary bituminous 
treatment in the spring will probably be sufficient to carry it through 
the season without further care. 
_ Section No. 3, which, like section No. 1, received a two-coat appli- 
cation amounting to 0.92 gallon per square yard, has not suffered as 
greatly from the lateral displacement of the carpet in the traveled 
portion since the traffic over this section is light. This displacement 
is not as serious as in the case of section No. 1, but has progressed 
sufficiently to be readily noticeable. An area 40 feet long was treated 
with coarse chips similar to the two areas already referred to in 
section No. 1, with various satisfactory results; but the treatment 
was not extended over the entire section because of its high cost. 
Section No. 3 has suffered by reason of the mat breaking through 
in the road in several places, but it is possible that, if these are 
repaired and a light surface application is made to the entire section, 
no further repair will be required to carry it through the season. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT JAMAICA, 
. N. Y., IN 1911. 


OIL-CEMENT CONCRETE, OIL ASPHALT, TAR, AND FLUXED NATIVE 
ASPHALT. 


The original report of these experiments is to be found in Circular 
No. 98. The following report covers the maintenance work which 
was carried out in May, 1912, and the results of an inspection made 
on December 19, 1912. 


EXPERIMENT No. 1.—Om-CEMENT CONCRETE. 


Upon inspection in May, 1912, it was found that small worn places 
or holes, ranging in size from a few square inches to 2 or 3 square 
feet, had developed in the surface. That these may have been due 
in a way to the character of oil used is evidenced by the fact that they 
were more numerous in the first 90 feet, where a type of residual 
petroleum different from that in the remainder of the section was 
used. All of the concrete, however, appeared to be porous and low 
in tensile strength. 

The edges of the expansion joints had been spalled off and at station 
1+80, where the concrete adjoins a cobble gutter, the surface was 
badly worn for a length of 10 feet along the gutter. This hole was 
repaired by cutting out the concrete uniformly to a proper depth 
and making a patch with wood block. The oil asphalt hereafter 
referred to was used for a filler. 
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It was decided to give the entire section a surface treatment with 
several types of bituminous materials. The worn or pitted places 
were first thoroughly cleaned by brooming and were then painted 
with the tar-asphalt mixture, the analysis of which is given below. 
Chips were then spread in sufficient quantity to cover the bitumen 
lightly. 

The entire concrete surface was then broomed and a bituminous 
seal coat of approximately 3 gallon per square yard was applied — 
with hand-pouring pots. The seal coat was covered by an applica- 
tion of stone screenings, coarse sand, or stone chips free from dust. 

In the case of the oil-asphalt section a paint coat composed of 1 
part of the binder to 2 parts of naphtha was first applied to the sur- 
face of the concrete and the seal coat was poured over it. 

The location and analyses of the several materials follow: 





A, station 0+00 to station 0+ 24, refined coal tar, stone screenings. 

B, station 0-++-24 to station 0+48, refined coal tar, sand. 

©, station 0+-48 to station 0+80, tar-asphalt preparation, sand. 

D, station 0+80 to station 1+-28, tar-asphalt preparation, stone screenings. 
E, station 1+28 to station 14-52, tar-asphalt preparation, stone chips. 

F, station 1+52 to station 1+67, oil asphalt, stone chips. 

G, station 1+67 to station 1+80, tar-asphalt preparation, stone chips. 


TaBLE 24.—Analyses of tar products used in surface treatment of oil-cement concrete at 
Jamaica, N. Y., 1911. 

















: Tar-asphalt prepa- 
Material. Refined coal tar. ration: , 
Speelicteravity: 25 3/2oyCu. te 2) aero a tetas. Jaetas ELE tee 1.202 , 
ROE ROSE G2 ye { GINO) a hate 2 oo, 2a ew bee eek enews Cee eS eee be Fle 1’ 30” 
EeEPCORO! If@ DAT DOU.) es Seb at fue cuentas doace toe ee eee tee 15.91 14.57 
Pemeent Of lossat 105°C. 5 hoursisstu..28. ce 2ee ences ee ate et oe eee eee 4.18 
Pet cent of loss at.163° C.,5 hours 2.(fresh sample)--.-..-2..-.-].+e.s-.e eases ee 11.68 
Penetration of residue (25° C., 100 grams, 5 seconds) [Mm.]......|.................... 12.4 
7 


Per cent | Per cent | Per cent | Per cent 


y by by ‘3 
= volume. | weight. | volume. | weight. 

Distillation: . 

First light oily tO 110%C oe coe ee ee ee 0.3 0.2 0.3 
Becond lightioils 1105170°.Ca. 5. ho vw beck), dae ee Le .5 3 -6 

Heavy 01S 170-270 Cc, eae ne es See eee : 21.8 18.1 18.2 | 
AeA y. Oil: 270-31523.0~ 0. ~cracetioas .~ de 10 eS. So Oe 13.2 11.2 39.7 
Pich residue:..- a. e eee SN Beth Ae ing See aS 64.2" 70.0 71.2 
100.0 99.8 100.0 








1 Brittle, lustrous surface, with soft semisolid content beneath. 
? Brittle, lustrous surface, with hard semisolid content beneath. 
8 Showed 1.25 per cent insoluble in dimethyl sulphate; a 315-350° C. fraction showed 12.5 per cent and 


a 350-375° C. fraction showed 28.5 per cent insoluble in dimethyl sulph R indi 
15 per cent of oil-asphalt content. a cs are Se ee 
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TABLE 25.—Analysis of oil asphalt! used in surface treatment of owl-cement concrete at 
Jamaica, N. Y., 1911. 


28, Ole ae 8 a as Smee eS me me fe eKe Sis: wut me ue ble ot the 


ants ke ee ae 66.5 





Penetration (5 seconds, 100 grams, 25° C.) [mm.]......................... 4, 2 
Beer contol loss at 163° C., 5 hours (20 grams)...................-.......... 422 

eneuation Of residue (as above)? [mm.]............ 2.22.02. ce ce eee eee. 3.7 
_ Per cent of total bitumen insoluble in 86° B. naphtha..................... 24. 38 
OSE OY 0) sa ce a RI 10.11 
Beeentsolible in CS, (total bitumen) 2. . 32. fo 2 eo ook bee enne eek ~ 99, 75 
Seeroans of Organic matter insoluble....._..........2..... 0280022... 122 
Memes inorganic matter insoluble. ..5.2.25.00..55..........--------.. 03 
es. 2 T5T  S 0h ol ee) Serres 100. 00 


TABLE 26.—Analysis of sand used in surface treatment of oil-cement concrete at Jamaica, 
N. Y., 1911. 








Passing 4-inch screen, retained on }-inch screen.................2.-2-------0- 4.3 

= Passing f-inch screen, retained on $-inch screen.........2......2.2..2..22220- 8.2 
| Passing 4-inch screen, retained on 10-mesh screen. ................---------- rae: | 
| Passing 10-mesh screen, retained on 20-mesh screen.....................----- 167 
_ Passing 20-mesh screen, retained on 30-mesh screen...........-...----------- 17.2 
Passing 30-mesh screen, retained on 50-mesh screen................----.-.-.- 25.4 

_ ‘Passing 50-mesh screen, retained on 80-mesh screen...-.............--------- 11%) 
_ Passing 80-mesh screen, retained on 100-mesh screen................-2-2------ PAS i 
Passing 100-mesh screen, retained on 200-mesh screen.............----------- 2.0 
I CMMBCTeOI 2 5522: hl. 22 so. aed. oi BURG. ee ee Seca 1.5 
100.0 

ES ESTES Ts I ws a gare ores ee 29. 6 


1 Sticky semisolid. 2 Glossy surface. 


TOOT | T2°L | S0° 
Die ea CO Fr oO "5 
LES | €1°8 | 90° 
€6°S | 8ST IT} 90° 
16°9 | 80°8 | G0" 
90°TT | €1°8 | $0° 
90°9 | 18°9 | SO° 
ve Vv | e9°9 | 90° 
1@°S$ | €6°L | 90°0 
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An inspection of these surface treatments in December showed 


that, on that portion where the refined coal tar had been used, the 
surface was fair and practically unbroken excepting for a bare place 
2 by 3 feet at station 0+03 and a circular area 2 feet in diameter at 
station 0+47. The former was probably due to a depression which 
held water. There was some evidence that the bitumen had flowed 
slightly toward the sides of the road during hot weather. 

Where the tar-asphalt preparation had been used, the surfacing 
was not in such good condition. From station 0+65 to station 
0+98 it was badly spotted and about one-fourth of the bituminous 
coating was gone. From station 0+98 to station 1+42 it was in 
fair condition on the north side of the road, but about one-half of 
the coating was gone on the south side. An area of 3 by 4 feet at 
station 1+50 and another 6 by 8 feet at station 1+70 had worn off. 

The small section treated with oil asphalt was in generally satis- 
factory condition. 


EXPERIMENT No. 2.—Cut-Back Or ASPHALT—MIx1ING METHOD. 


The only repairs made to this section in May were due to a slight 
depression at station 4+94 caused by a yielding of the foundation 
over a house connection. This was repaired with a hot application 
of the oil asphalt, referred to in Table 25, and stone chips, after the 
surface of the depression had first been painted with a solution of 
the bitumen in naphtha. It was noted at the time that the advent 
of warm weather was causing the surface to shift and become wavy, 
and during the summer an attempt was made to pick up and reroll 
portions of it. When inspected in December, two narrow depres- 
sions about 1 inch in depth were noted in the first 65 feet of the 
section. From station 2+00 to station 4+50 a strip from 12 to 14 
feet wide in the middle of the road was in good condition, but a 
rather objectionable wavy condition had developed for a width of 
4 or 5 feet on each side of the road. The crests of these waves in 
places were elevated 4 inches above the troughs, but the surface 
bond was unbroken. 

From station 4+50 to station 5 +00 the pavement is excellent, and 
this is probably due to the fact that through an error a harder bitu- 
men had been used in this location. 


EXpreriment No. 3.—Fiuxep Native AspHatt—Mixina METHOD. 


This section is reported as being in perfect condition and having 
the appearance of a sheet asphalt pavement. A slight depression 


showing signs of wear at station 5+00 had been repaired in May, 


by means of a paint coat of oil-asphalt, in the manner described 
under experiment No. 2. 
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EXPERIMENT No. 4.—REFINED Coat Tar—Mrxine METHOD. 


Upon inspection of this section in May it was interesting to note 
that, while the seal coat of oil-asphalt remained in very good condi- 
tion, the seal coat of refined coal tar had entirely worn off, leaving 
the stone exposed and the surface rather porous. In applying a 
new seal coat to this portion, two materials were used after the 
surface had been well broomed. 

From station 8+00 to station 8+ 70, the light coal tar, the char- 
acteristics of which are shown in Table 28, was applied by simply 
allowing it to run from the barrel and brooming it over the surface. 
It was applied at the rate of 0.28 gallon per square yard and 1 imme- 
diately covered with sand. 

From station §+70 to station 9+50 a seal coat of the Coit Ratt 
preparation used in experiment No. 1 was applied hot by means of 
hand-pouring pots. This application was also covered with sand. 


TABLE 28.—Analysis of coal tar used as a seal coat on experiment No. 4 





Specific gravity 20°/25° Gein ecg nce cc + news oe ena wes sts ee 1.160 

Péricéent of treevcarbony. fA00 00 Ot oek 220 1 SDR eee Es 7 8 
Per cent Per cent 

“erp ie y by 

Distillation: volume. weight. 
AAMIMMONIACAL Water. .< sccm os anna slpe dee cl chee = sae eee i 2.9 
Firat viens to 110°: Clie anc. oe eee eee ae eae ee 3.6 yp 
Second ‘light oils TI0-170% Cd S29 eh BOS, A eee i 5 
Heavy oilsi70-2702:Cse. tc neh Ue EL... see 118.0 15.0 
Heawy ,oila-270-315° Ox, «. nj. ice hs 2 dt Bote ae) cae we ee 28.8 7.4 
Lech erst t (2) Sp Pe ee SO ears NS tees eC S he ae 70.8 
MOH vas eats So ergo = Oe = Oe Oke ain eee SE Cee 100. 0 99.3 


When inspected in December, the surface of this entire experiment 


was smooth, uniform, and free from depressions, and no failures of 


any nature were evident. From station 8+00 to station 9+50, 
where the new seal coats had been applied, the surface had a slightly 
mosaic appearance. 


EXPERIMENT No. 5.—Curt-Bacx Ort ASPHALT—M1IxING METHOD. 


The surface of this section showed a tendency to disintegrate in any 
depressions where water collected and by May two rather large holes 
were found atstation 13+37. Thesurfacewascut down to the founda- 
tion stone and the edges of the hole were painted with the solution 
of oil asphalt in naphtha referred to in experiment No. 1. The hole 
was then filled with ‘‘Topeka”’ asphalt paving mixture, which was 


being used near by. It was spread to a depth of 3 inches and tamped ’ 


into place with hand tampers. 








1 Three-fourths solid. 2 One-half solid. 
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_ When inspected in December, the surface presented a smooth 
‘appearance, resembling sheet asphalt, excepting for the fact that it 
had become slightly wavy on the north edge. 


EXPERIMENT No. 6.—Om AspHaLtt—PENETRATION METHOD. 


_ The only repairs necessary to this section in May were due to the 
fact that the wheel of one of three heavily loaded steel-tired: trucks 
had stripped a small section of the seal coat at station 15+44 on 
May 11. The repairs were made with the tar-asphalt preparation 
_ and chips. 


EXPERIMENT No. 7.—REFINED CoaL TAR—PENETRATION METHOD. 


The only repairs necessary to this section in May were due to slight 
breaks in the seal coat at station 15+48, which were repaired with 
_ tar-asphalt preparation and chips, and at stations 15+70, 16+00, 

and 16+59, which were repaired with tar-asphalt preparation and 
sand. The stripping at station 16+00 was due to the steel-tired 
trucks referred to as damaging experiment No. 6. 

A telephone conduit had been laid across the road at station 16 +36, 
and this necessitated the replacing of the surface over the filled trench. 
The repairs were made by the penetration method, using the tar- 
asphalt preparation for a binder. No cost data were kept on this 
work, however, for the reason that the defect was not due to the 
deterioration of the road. 


EXPERIMENT No. 8.—FLuxED NATIVE ASPHALT—PENETRATION METHOD. 


The surface of this section was quite soft in the early summer, par- 
ticularly on the northern half of the road, and the wheels of the heavy 
truck previously mentioned picked it up at station 17+00 and at 
station 17+13. There was also a worn place at station 17+00 and 
at the joint with the preceding section. Repairs were made with the 
tar-asphalt preparation and sand as heretofore described. 


EXPERIMENT No. 9.—Om ASPHALT—PENETRATION METHOD. 


The wheels of the above-mentioned trucks had picked up the seal 
coat at station 18+50 in three places and had removed a strip 3 
inches wide from station 19+80 to station 20+00. The surface had 
also caved in in a small place at station 19 +25 owing to a settlement 
of the foundation over an old sewer trench running longitudinally 
along the center of the road. The pavement was opened up making 
a trench 12 feet long, into which sand was forced by flushing with 
water. In order to allow the ‘back fill” to settle thoroughly the 
replacement of the surface was postponed. 

The three small stripped places at station 18+50 were repaired 
with the tar-asphalt preparation and sand, but nothing was done to 
the 20-foot strip which was merely slight damage. 
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When inspected in December, 1912, the surfaces of oxp ania 
Nos. 6, 7, 8, and 9 were all smooth and i ihe an excellent state. Experi- 
ment No. 7 presented a slightly mosaic appearance, while expert- 
ments Nos. 6, 8, and 9 resembled sheet asphalt. The only apparent. 
defects in any of these sections are a few humps, probably due to an 
excess of bitumen. 

The cost data for the repairs to all of the sections are given in the 
following tables and are based upon the following unit prices: 







Foreman (per 8-hour day). 22.0522 2. 02. 00 Sean ne olan de oll ane $4. 00 
Laborer (per 8-hour day). ..2....s20:0--.2.! Rinse eee oe 273m 
Horse and cart with driver (per 8-hour day). ......-...-. = --365, 28 =e 3. 50 
Heating kettles (140 gallons capacity) (per 8-hour day)...........-.-...-...-- 15 


Ninall:toolsi(perday perman). ‘iting Alt el Ieee Sa . 03 


TABLE 29.— Materials and cost data for wood-block patch in experiment No. 1. 








Area of patch, squaresyards....65.8 : fade! [yah be eee caer 35 2, 22 

Materials per square yard: ! 
Sand, cubic yards. 2). .o.4. Jmectmarees a. Dele eh. 2s OP eee 0. 03° 
Paint coat; gallons: ca... 44. wcryeee ds pat seaack ten f= 3 bee Pee 15 
Wood block, number... . <2 <2 s¢o2a- oc aten ek Sats ue bce ee 54. 00 — 


Bitumen, pallons- 5... o..i. aan nie eee Seem les gin te nee Se 2. 50 
#-inch stone, cubic yards o.oo eek eek coe eco e ete ae oe ee 02 - 








Cost per square yard (cents): 
band. (delivered ion work)... .. v0. seen ee ccceBpacce +s +p eae en 2. 94 — 


Paint coat (delivered on work) ................al0-+-2022 0+) ae Ni 

Wood: blocks (delivered_on, work) ... 2225 <-:<e.« ssJ«- < s)= ¢<'i< oo 2 189. 00 
Bitumen (delivered on work) ..............:.-:.--.-.--.:22 soe 28. 75 
4-inch stone (delivered on work) 2.202... 02 sco Jlnee. 25. Js, Oe 4.76 
Cutting out-suriace of / concrete. c.c+-< 0) ¢-46-3 5s A- home de oo 42. 30 

Laying block and:tamping 2.02. 23. fj52d-.c00 sh o044% 2 o - 12.93 
Pouring. bitumen... :. ssh nc. bec ele Sega st ws. eee ee 3. 51a 





Spreading sand and chips’... .. J. 22. kee ere ae nm = + sm oe 1.00 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT ITHACA, 
N. Y., IN 1909, 1910, AND 1911. 


EXPERIMENTS ON FOREST HOME DRIVE—TAR, OIL, OIL ASPHALT, 
BRICK, CEMENT, AND SLAG. 


Detailed reports of these experiments are to be found in Circulars 
Nos. 92, 94, and 98, and the report of an inspection and repairs to 
sections then completed is also given in Circular No. 98. The fol- 
lowing report gives the general condition of all the sections at the 
time the annual repairs were made in October, 1912. Owing to long- 
continued unfavorable and cold weather, the work was finally aban- 
doned before all the contemplated repairs had been made. The 
experiments will hereafter be discussed under their section numbers, 
which is the order of their location, and the experiment number will 
be disregarded. 


Section No. 1.—REFINED CoAL TAR—PENETRATION METHOD. 


The surface of this section remains in excellent condition. A large 
depression, without any break in the surface, has formed at the south- 
east intersection with Central Avenue. This causes a lack of, proper 
drainage at the intersection and is to be repaired. 


Section No. 2.—REFINED CoAaAL TAR—Mr1x1neG Metruop. Section No. 3.—BrRick. 
Section No. 4.—ARTIFICIAL Or, ASPHALT—MIxING METHOD. 


These three sections have been seriously affected by recent changes 
in the grade and location of Forest Home Drive. Sections Nos. 3 
and 4 have both been entirely removed. It is planned to relay the 
brick section on the new location and to reconstruct the oil-asphalt 
section with a material similar to that originally used. Both sections 
were in excellent condition when taken up. The eastern half of sec- 
tion No. 2 had failed throughout a large area, owing mainly to the 
building operations along the roadside. This part of the section will 
be constructed on a new grade, and on the remainder of the section 
a number of depressions will have to be repaired. 


Section No. 5.—REFINED SEMIASPHALTIC O1L—PENETRATION METHOD. 


Except for a slight unevenness in some parts of the surface, this 
section continues in satisfactory condition and no repairs are neces- 
sary. About 30 feet at the west end of the section will be removed 
in changing the grade of the drive. 


Section No. 6.—SemisoLtip REFINED SEMIASPHALTIC Ou-—PENETRATION METHOD. 


With the exception of a small worn hole, which will require about 
4 square feet of new surfacing, this section continues in excellent con- 
dition. 
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Section No. 7.—Kentucxy Rock ASPHALT. ° 


‘The general character of this section up to date is good. There 
are, however, a number of small depressions, mainly throughout the 
eastern half of the section, which should be repaired. The joint 
between this section and the preceding one is also worn. 


Section No. 8.—ReEFINED WatTEeR-Gas TAR—PENETRATION METHOD. SECTION 


No. 9.—REFINED SEMIASPHALTIC Ou-—PENETRATION Mernop. Sxrcrion No. 
10.—REFINED WATER-GAS TAR AND SLAG—PENETRATION METHOD. 


The surfaces of sections Nos. 8, 9, and 10 were in excellent condi- 
tion at the time of inspection. Section No. 9 has a considerably 
softer surface than the others and calk marks are noticeable through- 
out. No repairs were required on any of these sections. 


Section No. 11.—Opren-HEARTH S3ac. 


During the winter and spring clay continued to work to the surface 
of this section, causing a disagreeably muddy condition. This seems 
to have worked off to some extent during the summer, and when 
inspected in October the section was in fair condition. 


Section No. 12.—ArtiricrAL Om AspHaLtT—Mrixina METHOD. 


The surface of this section has a mosaic appearance due to the fact 
that the large stones show. ‘There is no sign of failure, but a seal 


coat of the material used in the original construction will be applied 


in the spring. 
Sections Nos. 13, 14, anp 15.—CoNOCRETE. 

No inspection could be made of these sections owing to the fact 
that they had been given a hot-oil surface treatment by the State 
highway department, which has jurisdiction over this portion of the 
road. 

EXPERIMENTS ON EAST AND SOUTH AVENUES. 


Srotions Nos. 16 AND 17.—Om ASPHALT—PENETRATION AND PREPARED FILLER 
METHODS. 


These two sections were constructed with the same binder, and 
their difference consisted in the fact that the former was constructed 


_ by the regular penetration method, while the upper course of uncoated 


stone in the latter section was filled by harrowing in bitumen-coated 
stone chips. When inspected for the purpose of making repairs, it 
was found that both sections had failed in a number of places. Two 
large ruts in the traveled way extended throughout the greater part 
of the length of section No. 16 and there were numerous raveled spots 
of varying size in both sections. 
The repairs consisted of deep patches in which the loose material 
was excavated to a depth of from 3 to 5 inches and shallow patches 
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in which a paint coat was applied to slight unbroken depressions. 
In making the former the loose stone was cut back until a firmly 
bound surface was reached. The edges of the hole were thoroughly 
cleaned and painted with hot bitumen, and when the hole did not 
exceed 3 inches in depth the bottom was also painted. The patch 
was then made by filling the hole with clean stone ranging in size 
from 3 inch to 1} inches in longest dimension. The patch was built — 
up 198 the penetration method and finished with a seal coat. t 

Where there was simply a depression in the roadway over which — 
no appreciable deterioration of the surface texture had taken place, 
a paint coat was applied and covered with screenings. 

Section No. 16 required 342 square feet of deep patches and 218 
square feet of paint coat work, and section No. 17 required 131 square 
feet of deep patches. Deep patches cost from 54 to 94 cents per 
square foot, depending upon the depth of patch, and paint coat work 
cost approximately 1.4 cents per square foot. In both cases the cost 
of rolling is not included. 





ae 


Sections Nos. 18 anp 19.—O1 ASPHALT—MIXING AND PREPARED FILLER METHODS. 


The same binder was used in both of these sections, but No. 18 
was constructed by the mixing method and No. 19 by the same 
method as No. 17. The bulk of the repairs was required on the mixing 
method experiment and the stone for patching was mixed with the 
bitumen before being placed. The mixing was done by hand in 2 
cubic foot batches and the proportions were 18 gallons of bitumen 
to the cubic yard of stone. 

In addition to the deep patches and paint coat work described 
under repairs to the previous sections, shallow patches were made by 
first pouring a paint coat over the low area. When this coat had 
been thoroughly broomed a layer of the mixed material was laid and 
finished in the usual manner for mixing work. This work was done 
along the concrete gutter, which had been so constructed as to project 
above the pavement. 

There was a total of 593 square feet of deep patches, 225 square feet 
of shallow patches, and 196 square feet of paint coat work. Exclusive 
of rolling, the deep patches cost 9.2 cents per square foot, shallow 
patches 5.5 cents per square foot, and paint coat work 1.5 cents per 
square foot. 


Sections Nos. 20 anp 21.—SEmisoutip REFINED SEMIASPHALTIC Om—MIxING 
METHOD. 


These two sections were laid with the same material, with the only 
difference that No. 20 was finished with a seal coat, while No. 21 was 
not. Practically all of the repairs were required upon the section 
where the seal coat had been omitted. The patches were made with 
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: mixed material in exactly the same manner as has been described 
under section No. 18. There were 280 square feet of deep patches 
185 square feet of shallow patches along gutters, and 50 square He 
of paint coat work, at the same costs given for the previous section. 





Sections Nos. 22 anp 23.—REFINED WaTER-Gas TAR—Mrix1InG METHOD. 


These two sections have failed in large areas throughout their 
entire lengths. Patches were all made by the mixing method as 
previously described, but, on account of a long period of wet weather 
before the repairs were entirely completed, the surface was too damp 
to permit any paint coat work over shallow depressions. 

Section No. 22 required 160 square feet of deep patches and 305 
square feet of shallow patches, while section No. 23 required 326 
square feet of deep patches and 148 square feet of shallow ones. 
The cost ranged from 7.5 cents per square foot for shallow work to 
9.5 cents for deep work. 


SEcTION No. 24.—ASpPHALT BLOCK. 


This section continued in excellent condition excepting for a small 
area adjacent to the east curb and 23.5 feet from the south end of 
the section, where the blocks were loose and a number of them had 
cracked. The blocks were removed and the foundation was exca- 
vated to a depth of 64 inches below the finished surface. It was 

found that about an inch of sand-cement below the block had never 
set, and beneath this there was nothing but soft, springy clay at the 
point of worst failure. <A 4-inch layer of 1 : 2 : 4 Portland cement 
concrete was put in and covered with a 4-inch sand cushion upon 
which the new blocks were set. Fifty-nine new blocks were used 
and the total cost of repair was $7.01, or at the rate of 45 cents per 


square foot. 


Section No. 25.—Om AspHaLttT—Mix1na METHOD. 


While the north half of this section remained in fair condition, the 
south half had raveled in a number of fairly large areas. The con- 
ditions in this part of the section are particularly severe owing to the 
fact that large quantities of mud are brought on from the unim- 
proved portion of South Avenue. The patches were made with 
mixed material in the manner described for section No. 18. Wet 
weather and the fact that traffic could not be kept off interfered with 
the success of the work. It was found impracticable to make a seal 

- coat adhere satisfactorily, and so this form of patching was omitted on 
this section. A total of 814 square feet of patches over 2 inches in 
depth and 59 square feet of shallower patches was made at a cost of 
from 9.5 cents to 10 cents per square foot, exclusive of rolling. 
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Sections Nos. 26, 27, AND 28.—REFINED ASPHALTIC PREPARATION. 


The surface of section No. 26 had been badly marred by openings 
for water pipes, but the undisturbed portions of the surface were in 
good condition. Section No. 27, upon which it had been necessary 
to omit a seal coat, had developed ruts and raveled spots throughout 
the traveled portion. Section No. 28 required practically no repairs. 
Repairs were made by the penetration method as described for sec- 
tions Nos. 16 and 17. There were 995 square feet of deep patches 
and 147 square feet of shallow patches along the gutters. Exclusive 
of rolling, the former cost 9.5 cents per square foot and the latter 5.5 
cents per square foot. 


Section No. 29.—Om AspHaALT—MixiIna METHOD. 


The only defect noted in this section was a small worn depression 
of about 1 square foot in area. On account of continued bad weather 
the season’s repairs were discontinued before this was attended to. 
Otherwise the section presented a smooth, firm surface. 


Section No. 30.—REFINED CoaL TAR—PENETRATION METHOD. 


The surface of this section also continues in excellent condition 
and no repairs were found necessary. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEW YORK, 
N. Y., AND RIDGEWOOD, N. J., 1910. . 


OIL-CEMENT CONCRETE. 


The original report of these experiments, including the report of 
an inspection made in January, 1911, is to be found in Circular No. 
94, and a report of a later inspection in December, 1911, is given in 
Circular No. 98. The following report covers inspections made on 
December 20, 1912. 


EXPERIMENTS AT NEw YORK. 


The general condition of the surface was about the same as when 
inspected a year ago and the worn places about the joints do not 
seem to have worn to any extent during the year. 

From station 2+10 to station 2+ 43, at the intersection with New- 
ark Street, the pavement has cracked badly both longitudinally and 
transversely, forming something like a spider web of cracks from the 
intersection of the two street centers. 

A street cut had recently been made through the south half of the 
street at station 4418. 


EXPERIMENTS AT RipGEwoop, N: J. 


The floors of both bridges continue in good condition, and there is 
no apparent change since the inspection a year ago. 
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SUPPLEMENTARY REPORT OF AN EXPERIMENT MADE AT BOISE, 
IDAHO, 1910. 


OIL-GRAVEL MACADAM. 


The original report of this experiment appears in Circular No. 94, 
and a report of an inspection made in January, 1912, was published 
in Circular No. 98. The road was again inspected in October, 1912, 
and conditions were rated as follows: 

The road shows three types of defects: 

(1) Shallow broad ruts becoming deeper and narrower at distant 
intervals and in one or two places cutting completely through the 


surface. The broad ruts are present, particularly on that portion of 


the road which lies on the bench south of the river. 
(2) Patches of worn surface with large gravel stones bare in the 
aggregate. ‘These defects are present at distant intervals over the 


whole road, but especially on the lower part of the road near the 


turn and south of the bridge. 

(3) A few humps and a considerable number of depressions, which 
are not due to wear, because the surface is smooth and solid. These 
defects appear south of the bridge and at the corner where the grade 
begins at the south of the river. 

At times a combination of the three defects above noted may be 


observed. The ruts are not bad, except in one or two short places. 
_ The disintegrated patches seldom exceed 4 by 10 feet. The humps 


and hollows are from 1 to 4 inches in greatest depth. Where they 
are numerous, passing traffic is badly shaken. There are many ruts 
outside the traveled way. 

There is certainly no failure of the bituminous material here. Too 


large gravel in the surface and a poor foundation are apparent causes 


of defective conditions. 

The foundation has not settled as a whole, for the crown is still 
present throughout, and the road looks in places like a sheet asphalt 
pavement. 


SUPPLEMENTARY REPORT OF AN EXPERIMENT MADE AT AMES, 
IOWA, 1910. 


OIL-ASPHALT GRAVEL. 


The original report of this experiment may be found in Circular 
No. 94, and a report of an inspection in 1912 is given in Circular 
No. 98. The following report covers an inspection made on October 
14, 1912. 

Travel has used more of the east side of the road than the west, 
and this portion appears to be in better condition. The superficial 
skin is more compact and smoother and does not scrape up with the 
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boot or pick as easily as the west side, where travel has been more 
scattered. : 

There was a layer of fine dust on the road, possibly due to disin- 
tegration of the surface, but more likely to the dropping of mud 
from teams from other portions of the highway on this short section. 
The traffic is rather heavy, owing to construction work on other por- 
tions of the campus. The only maintenance which this road has 
received has been occasional dragging. 

A small hole dug in the middle of the road showed that there had 
been good penetration of bitumen to a depth of at least 3 inches, but 
the mixture was not homogeneous. On the west side near the curb, 
where the travel had been light, the bitumen appeared to have 
retained more life, even where it was exposed on the surface in 
patches. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOX- 
VILLE, TENN., 1910. 


TAR AND OIL PREPARATIONS. 


The original report of these experiments is to be found in Circular 
No. 94, and the report of an inspection made in November, 1911, is 
given in Circular No. 98. The following is the report of an inspec- 
tion made on January 11, 1913, after a period of heavy rain. All of 
the sections were covered with mud brought on from intersecting 
clay roads. 

Section No. 1 had raveled throughout its entire area and had 
numerous depressions in which stone had been swept out by traffic. 
This section will be resurfaced during this spring. 

Section No. 2 varied in character. The eastern half was, in gen- — 
eral, satisfactory throughout, excepting where the surface had been 
broken for a water connection at about 150 feet from the end. The 
western half, however, showed a number of small raveled places, and 
these were particularly in evidence in the vicinity of the intersections 
with clay roads. Surrounding conditions are no doubt partially 
responsible for some of the failures which have occurred. 

Section No. 3 presents a smooth, well-bound surface, and is in 
practically the same condition as reported a year ago. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGS- 
TOWN, OHIO, 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA- 
TION, AND SLAG AND TAR. 


The original report of these experiments appears in Circular No, 92, 
and reports of inspections made in January and December, 1911, are 
to be found in Circulars Nos. 94 and 98, respectively. The following 
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. motes were taken from an inspection made on December 18 Gr Be 


The sections are discussed in the order of their section bane 
beginning at Mahoning Avenue. 


SEecTION No. 1.—Buast-FuRNACE SLAc. 


The first 50 or 60 feet of this section has apparently been scarified 
or picked down about 14 or 2 inches, and at the date of this inspec- 
tion, this first 50 or 60 a presented a loose and raveled appearance 
over the entire width of the surface. The remainder of section No. 1 
looked extremely good. There was slight evidence of wheel ruts, 
probably owing entirely to the wear of traffic. These ruts were 
probably not over one-half inch in depth and were from 8 to 12 inches 
wide. This section in general appeared to be the best of all the 
sections. 

Section No. 2.—Buast-Furnace Siac AND Lime. 


This section is in good condition with the exception of ruts some- 


what like those described in section No. 1. 


Section No. 3.—BuLaAst-FURNACE SLAG AND WASTE SULPHITE LIQUOR PREPARATION. 


Opposite this section on the west side considerable grading has 
been going on, and the whole section, at the time of inspection, was 
covered with more or less clay. The section presented a somewhat 
mottled appearance, with some of the coarser stone showing through 
the clay, but the clay had an average thickness of probably three- 
eighths inch. Apparently for the purpose of cleaning the clay from 
the surface, a road machine or some form of scraper had been run 
over the west third of the road surface and had loosened it somewhat, 
but,‘aside from the slight unevenness described above as a mottled 
appearance, the surface looks good and there is no raveling. 


Srcotion No. 4.—BLast-FURNACE SLAG AND REFINED COKE-OvEN Tar. 


The north third and the south third of this section present a very 
good appearance. The middle third on the fill has settled unevenly. 
In some spots there is a deficiency of tar and in a few places in the 
wheel tracks the tar is practically all gone and there is more or less 
an appearance of disintegration as a result. 


Section No. 5.—Bnast-FURNACE SLAG. 


Ruts are a little more apparent on this section than on the others, 
but there is no ravel. Section No. 5 has worn down about 14 inches 
below section No. 4 where they join. 


Srotron No. 6.—BuLaAst-FURNACE SLAG. 


This section is in fair condition, with a slight indication of ruts. 
The surface was covered by a film of dust about one-fourth inch thick. 


No raveled spots were evident. 
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Section No. 7.—BiLast-FURNACE AND OPEN-HEARTH SLAG. 


This section is also in fair condition, with a slight indication of 
ruts. A film of dust about one-fourth inch im thickness, which 
would be muddy when wet, covers the surface. There is a slight 
settlement on this section over the fill. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
MASS., 1908. 


ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL, AND 
MOLASSES-OIL-LIME. 


The original report of these experiments is given, in Circular No. 90, 
and reports of inspections have been published in Circulars Nos. 92, 
94, and 98. The following report covers an inspection made on 
November 8, 1912. 


EXPERIMENTS Nos. 1, 2, 3, 4, 5, 6, AND 7.—ASPHALTIC PREPARA OR ne 
METHOD. 


The first four of these sections were so badly worn as to require resur- 
facmg. ‘There are many depressions and more than one-half of each 
section has lost its bituminous macadam surfacing. Experiments 
Nos. 3 and 4 are possibly in a little better condition than Nos. 1 and 2. 

In experiment No. 5, the eastern half of the roadway needs resur- 
facing, while the western half continues in very good condition. It 
might be noted that experiments Nos. 1, 2, 3, and 4 were completed 
without the application of a seal coat, while experiment No. 5 had a 
seal coat of the binder used in construction, and No. 6 had a seal 
coat of hot refined coal tar. This section continues in very good 
condition. ) 

Experiment No. 7, in which the bitumen content was increased, 
requires three Parebes of about 4 square feet each, but is otherwise 
in good condition. 


EXPERIMENT No. 8.—ReEsimpuAt Om-—M1x1ne Metuop. 


This section, continues in good condition, excepting for the need of 
two patches at Langdon Street. These places have areas of 1 and 2 
square feet, respectively. 

EXPERIMENTS Nos. 9 AND 10.—REFINED WaTER-GAS TaR—Mrixineg METHOD. 


Section No. 9 is worn through in five places and should be patched. 
The total area requiring patching is about 30 square feet. No. 10 is 


in almost perfect condition, having only one small hole about 10 


inches in diameter. 
EXPERIMENT No. 11.—Mo.asseEs-Om-Limg. 


About 50 per cent of this section continues in fairly good condition, 
but is somewhat rough. The remainder of the section should be 
resurfaced. : 
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_ SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., 1908. 


SAND CLAY. 


The original report of these experiments appears in Circular No. 
90, and reports of inspections made in 1909, 1910, and 1911 appear in 
Circulars Nos. 92, 94, and 98, respectively. The following are reports 
of inspections made in 1912. 


EXPERIMENT AT GARDEN Crry. 


The road was inspected on October 28, 1912, and was found to be 
in very good condition. It was closely bonded, free from ruts or dust, 
and had a uniform crown and excellent wearing surface. The edges 
of the surfaced way showed good alignment and no broken places 
from the attacks of traffic. The road is dragged after the rains, and 
new material is added to keep it in good repair. It carries a mixed 
traffic, with maximum load of about 2 tons, although about 600 feet 
at the north end carries a continuous traffic, due to hauling sand. 
By following the same track this has worn twin ruts about 1 inch 
deep into the roadway, but the bond is not broken. The cost of 
maintaining the road has been small, as it is near a gypsum clay pit. 


EXPERIMENT AT DopGe Ciry. 


The road was inspected on October 28, 1912, and found to be in 
good condition with the exception of about 1,000 feet at the north 
end, which is rather badly broken up and full of holes. These defec- 

tive places appear in the wheel tracks at various intervals, and occa- 
sionally the bond is broken all the way across the surfaced width and 
cut through to the original sand foundation. The rest of the section 
is in excellent shape, carrying the loads without developing ruts or 
broken places in the wheel tracks. It has a good crown and a uniform 
cross section. It is hard and shows an excellent wearing surface. 
The ditches are cleaned out all the way and are of standard width. 
The road is dragged after the rains and a little sand from the sides is 
carried over the surfaced way to be mixed by traffic with the gumbo. 
Moreover, some new material was added to the defective places last 
spring, when the road was considered very satisfactory and smooth 
all the way. The road carries a mixed traffic with a maximum load 
of from 75 to 80 bushels of wheat. The behavior of the north end 
of the road is evidently not due to neglect, but to the fact that 
the character and volume of traffic is greater over this portion. Itis 
evidently not equal to the burdens it has to carry. 
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EXPERIMENT AT BUCKLIN. 


The road was inspected on October 29, 1912, and was reported to 
be in fair condition with the exceptions noted below. 
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Broken places in the wheel tracks resulting in chuck holes varying 
in size from incipient breaks to holes entirely through the surfacing 
were discovered in a number of places, excepting in that part of the 
course at the north end and for a distance of about 500 feet south of 
the bridge across the Arkansas River, which was in ideal condition. 
It was closely bonded and free from ruts, dust, or broken places, and 
had a good crown and alignment. 

This is a much-traveled road between Dodge City and Bucklin. 
It carries a mixed traffic of light and heavy vehicles and automobiles. 


The maximum load is represented by from 75 to 80 bushels of wheat.’ 


The recent dry weather and greater amount of traffic in marketing the 
-wheat has resulted in developing defective places in the roadway as 
noted above. It is reported to have been kept in excellent condition 
until quite lately by the use of the road drag. No new material has 
been added this season. 


EXPERIMENT AT Forp. 


This road was inspected on October 29, 1912, and was found to be 
in good condition and free from ruts, dust, or broken places. It was 
constructed from a natural soil, having a combination of minerals, 
which bond closely, and it shows an excellent wearing surface like 
many of the natural dirt roads of Kansas. It responds promptly to 
a little treatment with the drag, and has been shaped once this 
season with the road grader. No new material has been added since 
it was constructed, except to fill up a depression at the junction of 
the road with the floor of the bridge across the Arkansas River. 

This road is subjected to a mixed traffic of light and heavy vehicles 
and automobiles, and carries a maximum load of about 2 tons. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT 
INDEPENDENCE, KANS., 1908. 


OIL-ASPHALT EARTH ROAD. 


The original report of this experiment appears in Circular No. 90, 
and reports of inspections made in February, 1910, and February and 
December, 1911, appear in Circulars Nos. 92, 94, and 98, respectively. 
The following report is based upon an inspection made on October 
26, 1912. 

The road was found to be in poor condition. On the eastern end 
of Tonopah Drive for one block there are two lines of traffic, separated 
by a ridge of natural dirt which has been hauled in by wagons. This 
part has the appearance of a poorly constructed dirt road. The 
traffic has spread the dirt over the northern half of this section, entirely 
covering up the earth-asphalt road. The southern half of this section 
is about as constructed, but the ruts and rough surface would indicate 


that the road is soft and spongy during wet weather. The western 
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end of Tonopah Drive is in fair condition, witb one line of traffic in the 
center, which has hammered it down fairly smooth and hard. This 
section has a good crown and uniform cross section with competent 
ditches. That part of the improvement on Fourth Street has been 
pretty well covered up with dirt which came from the ditches or was 
hauled on in wagons to fill up a water-washed gully in the center of 
the roadway. Some quite large stones are scattered promiscuously 
over the roadway. At the northern end at the intersection of a side 
street it is covered entirely with dirt carried on by the road machine. 
About all of the earth-asphalt road exposed to view on Fourth Street 
is one-half the width and on the western side, and this is the only 
part used by traffic. It is in about the same condition as reported in 
December, 1911, except for dust ground up by traffic during the — 
recent dry weather. Nothing whatever has been done to maintain 
the road since it was constructed. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOWLING 
GREEN, KY., 1907. 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment is to be found in Circular 
No. 89, and reports of inspections occur in Circulars Nos. 90, 92, 94, 
and 98. The section was again inspected on January 10, 19138, and 
the following notes were taken. 

The surface in general remains intact, smooth, and hard, but bears 
evidence of not having had any attention. Several inches of mud 
had accumulated on both sides of the eastern portion of the road. 
The hole mentioned in previous reports remains the same, and a 
shallow rut about midway between the crown and south side is in 
evidence in several places throughout the eastern half of the section. 

The western half of the section shows three small worn places in 
which the asphalt has disintegrated. These are located at approxi- 
mately 3 feet, 25 feet, and 45 feet from the west end, and there are 
also three small shallow depressions on the crown at the middle of 
the section. These slight defects can be repaired at a very small 
cost and the section thus put in excellent condition. 
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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PuBLIC RoapDs, 
Washington, D. C., May 14, 1913. 

Srr: I have the honor to transmit herewith a manuscript entitled 
“Typical Specifications for the Fabrication and Erection of Steel 
Highway Bridges,’’ which has been prepared in this office with the 
view of furnishing a suitable guide for local highway officials in fixing 
requirements to which bridge structures must conform. 

In the past many steel bridges have been very poorly constructed, 
and it is believed that lack of information on the part of highway 
officials concerning proper specifications for this class of work has 
been in a large measure responsible for the unsatisfactory results. 
In order, therefore, to make the specifications contained in this 
manuscript more readily available for the use of such officials, 
I respectfully request that the manuscript be published as Circular 
No. 100 of this office. 

Respectfully, L. W. PaGE, 
Director. 
Hon. D. F. Houston, 
Secretary of Agriculture. 
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TYPICAL SPECIFICATIONS FOR THE FABRICATION 
AND ERECTION OF STEEL HIGHWAY BRIDGES. 


DESCRIPTION OF PROJECT. 


The contract of which these specifications form a part contem- 


plates the construction of a steel highway bridge over________--in 
memes?) township, ./.2..1_.. County, State of 22.0.2 202.. 

The Bbatments and piers to consist of _____.---- masonry. 

The total length of the superstructure to be --_.------ feet. 

The height above mean low water to be _--------- feet. 

The number of spans to be -_--------. 

The width of roadway to be _--------- feet. 

The assumed loading to be class._...------. (The.loading classi- 


fication contained in these specifications is to be followed.) 
Seeioor to be of __..,....--,- thickness -._-.---~-.- inches. 
Merreweoat tO bo 2:2. - .- --. 


Paint 
Second coat to. be _.....----. 


The structure to be entirely completed on or before ------------; 
eae 
GENERAL. 
gees Engineer. | 


The term “engineer,” as hereinafter employed, shall be interpreted 

to mean the duly authorized representative of the officials legally 
responsible for the work to be performed under these specifications, 
and the decisions of the said engineer upon all questions herein left 


to his discretion shall be final and conclusive. 
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Engineer’s General Drawings. 
The general drawings which form a part of these specifications are 
on file at _.....-..- and consist of— | 
Sheet No. 1, showing.....-.---.-----...- 2. 2 = 
Sheet No. 2, showing.__-.-..-.._-..--.-._1. 0-32 oe 
Sheet. No.3, showing! . 24%. Ch!) £1 
Sheet No. 4, showing-..--_ -.21.: 2-2. Ji 434 


They, together with these specifications, embody all the informa- 
tion which will be furnished for the guidance of contractors. 


Contractor's General Drawings. 


If general drawings are submitted by a contractor as a part of his 
proposal, they shall include all stress sheets and such details as are 
necessary to express the general intent of the proposal. They shall 
show all general dimensions, such as length of spans from center to 
center of end bearings, clear width of roadway, width from center to 
center of trusses, depth from gauge line to gauge line of chords, ete. 
They shall indicate the assumed loads, live and dead, on which the 
computations are based, the sections and sectional areas of all truss 
and lateral members, the sizes of rivets, the thickness of gusset plates, 
the sizes and arrangement of floor beams and joists and their con- 
nections, and the character and quality of the materials proposed for 
use in various parts of the structure. 


Shop Drawings. 

Upon the acceptance of a proposal and the execution of the con- 
tract, all working drawings required by the engineer shall be fur- 
nished by the contractor free of cost. No work shall be commenced 
or materials ordered until the working drawings have been approved 
by the engineer in writing. 


Classification. 


Two classes of bridges will be considered under these specifications— 
those which carry suburban or interurban electric cars and those 
which carry highway traffic only. The former will be designated as 
class A and the latter as class B bridges. 


Types of bridges. 

It is recommended that the type of bridge employed be selected as 
follows: 

For spans up to 30 feet—rolled beams; 

For spans from 30 to 40 feet—plate girders or rolled beams; 

For spans from 40 to 80 feet—riveted low_trusses or plate girders; 

For spans from 80 to 200 feet—riveted high trusses; and 

For spans over 200 feet—pin-connected high trusses. 
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Materials. 

All parts of the superstructure except the floor shall be of rolled 
steel. 


Length of Span. 

In computing the stresses the length of span for the trusses or 
girders shall be taken as the distance from center to center of the 
end bearings; and for the floor beams, from center to center of the 
trusses. 


Width of Roadway. 

For class A bridges the clear distance between the center line of 
the car track and the nearest truss shall be not less than 7 feet, and 
on one side the clear distance between the center line of the car track 
and the truss shall be at least 12 feet. The width from center to cen- 
ter of trusses shall in no case be less than one-eighteenth of the span. 


Head Room. 
The clear head room for a width of 6 feet on each side of the center 
line of the bridge shall be not less than 15 feet. 


Depth Ratios. 

_ The ratio of depth to span shall be not less than the following 
EN a I n/a Soma wc. & win = wis 0 pe ia eve og we ew es 1/20 
FE gh 2 i i a a ea pa 1/12 
Trae ee rey SE ee Sea 1/10 

LOADS 

Dead Loads. 


The assumed dead load shall be not less than the total weight of the 
completed structure. The following unit weights shall be used in 
computing the dead loads: 


et ee Ag ai win GIS oo co pounds per cubic foot.. 490 
SS OS a ee a rh ee do.... 150 
in Se © 1 ah SRO eee Ge EE do.... 150 
TR ee ay oes a bua n'p oa Sas eb ee hes ad's # do. .<.ALe0 
ya le dl a eC a a dovsan 180 
tin gl dp nn dos... 100 
a a EI BSE IS SE ng a do.... 160 
Timber 
MNMERCN Tot Mes 2 BOI OS es See pounds per footb.m.. 5 
BCG Lath. Jen Jac Fo foi. ti Scieielz ia ta ghacidw ede Se Hf eleis dossisccw4t 
BRE EETOREE Cs cee oc ae nla s oad go v vim sine Feirinig'= d siete AO winis of ott 
Live Loads. 


Crass A.—For the floor and its supports and for the trusses of 
spans less than 50 feet in length the live load shall be assumed as 
follows: 

On each car track a concentrated load of 24 tons evenly divided 
between two axles, spaced 10 feet center to center with wheels spaced 
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5 feet center to center on axles,.shall be assumed to occupy a width 
of 6 feet on each side of the center line; on the remaining floor surface, 
exclusive of sidewalks, a uniform load of 125 pounds per square foot 
and on sidewalks a uniform load of 100 pounds per square foot. 


For the trusses of spans between 50 feet and 100 feet in length, a. 


uniform load of 1,800 pounds per linear foot for each car track 
(assumed to occupy a width of 12 feet) and 100 pounds per square 
foot of remaining floor surface, including sidewalks, shall be assumed. 
For the trusses of spans greater than 100 feet in length, the live load 
per linear foot for each car track and per square foot of remaining 
floor surface may be reduced, respectively, 50 pounds and 2 pounds 
for each additional 10 feet Ae span, provided that in no case shall 
these loads bereduced below 1,200 pounds and 80 pounds, respectively. 

All class A bridges shall be assumed as also subject to the loading 
specified for class B bridges. 

Cuiass B.—For the floor and its supports and for the trusses of spans 
less than 50 feet in length, the live load shall be assumed as follows: 

On any part of the floor surface a concentrated load of 15 tons on 
two axles spaced 8 feet center to center, with wheels spaced 6 feet 
center to center on axles and two-thirds of the load on one axle, shall 
be assumed to occupy a space 16 feet in the direction of traffic by 
12 feet at right angles to that direction. On the remaining floor 
surface, exclusive of sidewalks, a uniform load of 125 pounds per 
square foot, and on sidewalks a uniform load of 100 pounds per square 
foot, shall be assumed. 

For the trusses of spans between 50 feet and 100 feet in ‘length a 
uniformly distributed load of 100 pounds per square foot of floor sur- 
face shall be assumed. For the trusses of spans greater than 100 feet 
in length the uniform load per square foot may be reduced 2 pounds 
for each additional 10 feet of span, provided that in no case shall the 
assumed live load be less than 80 pounds per square foot of floor 
surface. | 


Distribution of Stresses Due to Concentrated Loads. 

Tn considering the concentrated load under class A, each wheel load 
shall be assumed distributed over an area of floor surface 5 feet square. 
In considering the concentrated load under class B, each wheel load 
shall be assumed distributed as follows: For reinforced concrete 
floors, protected by a wearing surface, 3 feet in the direction of traffic 
by 5 feet at right angles to that direction; for wood floors at least 
3 inches thick the distribution in the direction of traffic shall be 
neglected in designing the joists and the distribution at right angles 
to the direction of traffic shall be taken as 4 feet. 


Wind Loads. 


The top lateral bracing in deck bridges and the bottom lateral 
bracing in through bridges shall be designed to resist a lateral wind 


eee 
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load of 300 pounds per linear foot, and one-half of this shall be treated 
as a moving load. 
The bottom lateral bracing in deck bridges and the top lateral 
bracing in through bridges shall be designed to resist a lateral wind 
load of 150 pounds per linear foot. 


Temperature Stresses. 


Provision shall be made for stresses due to a change in temperature 
of 150° F. 


Longitudinal Forces. 


For class A bridges provision shall be made for a lonipibadinel force 
equal to 20 per cent of the weight of the heaviest electric train which 
could reasonably be expected to come upon the bridge. 


Impact. 
The maximum live-load stress in each member shall be increased 
to provide for impact by an amount to be determined from the 
1008 
formula I=T 300 
I=impact or dynamic increment due to the effect of moving loads; 
S=computed live-load stress; and 
L=loaded length of bridge in feet which produces maximum live-load 
stress in the member under consideration. 


, where 


Centrifugal Force. 

When curved tracks occur on class A bridges, the centrifugal force 
produced by two cars coupled together moving at 50 miles an hour 
shall be considered as an additional live load in designing the lateral 
bracing. 

PROPORTIONS AND UNIT STRESSES. 

All members shall be so designed that the stresses coming upon 
them may be accurately computed, and shall be so proportioned that 
the sum of the maximum stresses produced by the loads herein speci- 
fied shall not exceed the following amounts in pounds per square inch, 


Tension. 
Axial tension on net section—16,000. 


Compression. i 
Axial compression on gross section—16,000—70-, where “1” is the 


Jength of the member in inches and ‘“‘r”’ is the least radius of gyration 


of its cross section in inches. 
For class A bridges no compression member shall have an unsup- 


ported length exceeding 100 times its least radius of gyration for main 
98925°—Cir. 100—13——2 
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members, or 120 times its least radius of gyration for laterals. For 


class B bridges no compression member shall have an. unsupported 


length exceeding 120 times its least radius of gyration for main mem- 
bers, or 140 times its least radius of gyration for laterals. 


Bending Stresses. 

Bending stresses on extreme fibers of rolled floor beams, joists, and 
girders, 12,500; on extreme fibers of built-up girders, 16,000; and on 
extreme fibers of pins, 20,000. 


Shearing. 
Pins and shop-driven rivets....-....5...20-22.00ccee nce ee eee eee 10, 000 
Figld-driven rivetes. cing <b 354 4-Ra" doch ent teed prey ee 7, 500 
Plate-girder webs (gross section)..........2..-.--2.----cceeeee- 9, 000 
Bearing. 
Shop-Ct] Ven WVels ee sn. a8 es Uc 20, 000 
Ping. and:fleld-driven riyetse. Jo .c2- dyes se ae «ae a ole cine tater ae 15, 000 
Wall plates on concrete masonry (1 22% : 5)... 22. el. 500 
Wall plates on stone masonry (ashlar).................2-2.22... 500 
Wall plates on stone masonry (rubble).............--2..-....24. 400 
Expansion rollers, (per lineal inch)! ).-e05. 2002445 o-oo eee 500d 


(d is the diameter of the roller in inches. ) 


Alternate Stresses. 

Members subject to alternate tensile and compressive stresses 
shall be proportioned to resist each kind of stress, and each stress 
shall be considered as increased by an amount equal to eight-tenths 
of the smaller stress in determining the sectional area. The con- 
nections shall be proportioned for the arithmetical sum of the 
stresses. 


Combined Stresses. 

Members subject to a combination of direct and bending stresses 
shall be designed so that the greatest unit fiber stress shall not 
exceed the allowable unit stress for the member. 


Counters. 


Wherever the live and dead load stresses are opposite in character, 
only two-thirds of the dead-load stress shall be considered effective 
in counteracting the live-load stress. 

For class A bridges counters shall be so provided and propor- 
tioned that an increase of 25 per cent in the specified live load would 
not increase the unit stress in any member more than 25 per cent. 


Net. Section at Rivets. 


In proportioning tension members the diameter of the rivet holes 
shall be taken } inch larger than the nominal diameter of the rivets. 


a i ———— 
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Proportioning Plate Girders. att 


The flanges of plate girders shall be assumed to take all the bend- 
ing moment, and the web shall be assumed to take all the shear. 
The compression and tension flanges shall have the same gross 
section. 





THE FLOOR SYSTEM. 


Floor Beams. 


All floor beams shall be rolled or riveted steel girders and shall be 
| rigidly connected to the trusses or side girders. They shall, when 
practicable, be placed at right angles to the direction of traffic. 


Joists. 


All joists shall be rolled or riveted steel girders and shall be rigidly 
fastened to the floor beams. When wood floors are used, the joists - 
shall be riveted to the webs of floor beams by means of connection 
angles. The spacing of joists center to center shall be not greater 
than 3 feet. 


Wood Floors. 


Wood floors shall be constructed of first-quality timber of the 
kind specified by the engineer in writing or indicated on his draw- 
ings. For oak floors the minimum thickness of plank used shall 
be 23 inches, and for pine the minimum thickness shall be 3 inches. 
In no case shall the thickness of the floor plank be less than one- 
twelfth of the distance, center to center, between joists. All plank 
shall be laid with the heart side down at right angles to the direction 
of traffic. Spaces of approximately } inch shall be left between 
adjacent planks. 

Wood floors shall be provided with a wheel guard on each side of 
the roadway. Wheel guards shall be constructed of timbers having 
a cross section of not less than 6 inches by 4 inches, spliced with 
6-inch lap joints, and shall be securely bolted to the joists at inter- 
vals not to exceed 5 feet. 


Concrete Floors. 


Concrete floors shall be constructed true to the dimensions shown 
on the drawings and in accordance with the specifications herein- 
after following under the heading “‘ Concrete masonry.”’ 


Drainage. 


Adequate provision shall be made for draining all parts of the 
floor, and the water drained off shall go clear of all metal work. 
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Minimum Thickness of Metal. 

The minimum thickness of metal used in any part of the structure, 
except that used for fillers and other minor parts, shall be 3 inch. 
For class B bridges, however, this specification may be modified by 
the engineer in writing to permit the use of standard channels and 
I-beams having web thicknesses of less than +; inch, provided that 
the modification is made as a supplementary clause to these specifi- 
cations before the contract is awarded or is indicated on the engi- 
neer’s general drawings. 


Camber. 


Truss spans shall be given a camber by making the horizontal 
projection of the top chord longer than the bottom chord by 5 inch 
for each 10 feet of span. 


& 


Connections. 


All connections shall be designed to develop the full strength of 
the connecting members and shall be of the character indicated on 
the engineer’s drawings or by the engineer in writing. 

Angles subject to tensile stress shall be connected by both legs, 
otherwise only the section of the leg actually connected will be 
considered effective. 

The neutral axes of connecting members shall meet in a point. 


Rwwets and Rivet Spacing. 


D1IAMETER.—Rivets shall be either ~ inch, 3? inch, or % inch in 
diameter, except when used in minor parts. 

Pircx.—The maximum pitch in the line of stress shall not exceed 
6 inches or 16 times the thickness of the thinnest outside plate. The 
minimum pitch shall not be less than 3 inches for {-inch rivets, 24 
inches for #-inch rivets, and 2 inches for 3-inch rivets. For plate 
girders the rivet spacing in the vertical legs of the flange angles shall 


be determined from the formula, p=", where ‘‘p”’ is the pitch in 


inches, ‘‘r’’ the permissible stress in one rivet in pounds, ‘‘h” the 
distance between lines of rivets in inches, and ‘‘s” the maximum 
shear in pounds at the section under consideration. In no ease, 
however, shall the pitch exceed 4 inches. 

EDGE DISTANCE.—The minimum distances from center of rivet 
holes to the nearest edge shall be not less than 14 inches, 14 inches, 
and 1 inch for §-inch rivets, $-inch rivets, and §-inch rivets, respec- 
tively. The maximum distance from any edge to the center of 
rivet holes shall not exceed 8 times the thickness of the thinnest 
outside plate or 6 inches. 
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Rwets in Flanges. 


Unless otherwise specified on the engineer’s drawings or by the 
engineer in writing, 3-inch rivets shall be used for all flanges less 


than 24 inches wide, #-inch rivets for flanges between 24 and 34 


inches, and $-inch rivets for all flanges over 34 inches wide. 


Pitch at Ends. 


At the ends of built compression members the pitch of rivets in 
the line of stress shall not exceed 4 diameters for a distance equal to 
twice the maximum width of the member. 


Grip of Rivets. 

The grip of rivets shall, in general, be not greater than 4 diameters. 
When it is necessary to make the grip greater than 4 diameters, the 
allowable unit shearing strength shall be decreased 1 per cent for 
each +1, inch of additional grip. 


Pin Connections. 

All pins shall be sufficiently long to furnish full bearing upon the 
turned body of the pin for all connecting parts. All pins shall be 
secured by chambered nuts and the screw ends shall be sufficiently 
long to admit of burring the threads after the nuts are set. 

No pin shall have a diameter less than three-fourths the width of 
the widest eyebar attached to it. 

The several members attaching to a pin shall be so placed as to 
produce as little bending movement as practicable upon the pin; and 
they shall be held in place by means of filling rings. 

All pin holes shall be so bored that when the pin is in place it 
shall be perpendicular to the axial plane of the truss, and each 
connecting member shall bear uniformly upon the pin. The diam- 
eter of the hole shall not be more than 3; inch greater than that 
of the pin. 

Pin holes shall be sufficiently reinforced to distribute the stresses 
properly over the full cross section of the members. Where “pin 
plates” are used, they shall contain a sufficient number of rivets to 


transmit their proportion of the bearing pressure, and at least one 


plate on each side shall extend not less than 6 inches beyond the 
edge of the nearest batten plate. 

Riveted tension members having pin connections shall have a 
cross sectional area through each pin hole 25 per cent in excess of 
the net sectional area of the members. The sectional area of the 
metal between the pin hole and the end of the member shall not 
be less than 75 per cent of the sectional area through the pin hole. 
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Batten Plates and Lattice Bars. 

The open sides of compression members shall be stayed by batten 
plates at the ends and by diagonal lattice bars at intermediate 
points. Batten plates shall be used at intermediate points when, for 
any reason, the latticing is interrupted. 

Batten plates shall have a thickness of not less than 4 inch nor 
one forty-fifth the distance between the lines of rivets connecting 
them to the flanges. They shall have a width parallel to the axis of 
the member not less than the maximum width of the member. 

Lattice bars shall have a thickness not less than 5; inch nor less 
than one forty-fifth their unsupported length. They shall be 
inclined to the axis of the member at an angle not less than 60° for 
single latticing nor less than 45° for double latticing. Double 
latticing shall be riveted at the intersection points. 

The width of lattice bars shall not be less than 2 inches nor less 
than one-sixth the width of the member of which they form a part. 


Abuiting Ends. 


Abutting ends in compression members shall be planed true to 
the angle of the joint and shall be sufficiently spliced on four sides 
to hold the connecting parts accurately in place. All joints in tension 
members shall be fully spliced. 

Where splice plates are separated from the parts which they 
connect by intervening plates or fillers, the number of rivets on 
each side of the joint shall be increased by 334 per cent of the num- 
ber theoretically required for each intervening plate. 


Eyebars. 

The thickness of eyebars shall not be less than 8 inch nor less 
than one-seventh the width of the bar. Heads of eyebars shall 
be formed by upsetting and forging, and never by welding. The 
heads shall be so proportioned as to develop the full strength of 
the bar. 

Kyebars shall be perfectly straight at the time they are bored, 
and all bars which work together as one member shall. be piled, 
clamped together, and bored in one operation. ; 

The eyebars composing a member shall be so arranged that chet 
surfaces are not in contact. The inclination of individual eyebars 
to the axis of the member which they compose shall not be greater 
than 1 inch in 16 feet. 


Rods. 


No rod shall be used which has a cross sectional area less than 
# square inch. 
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All rods having screw ends shall be upset, previous to threading, 
so that the net sectional area at the root of the threads shall be 
greater by at least 17 per cent than the net sectional area of the rod. 


Compression Members. 


Compression members shall be so designed that any part or seg 
ment of a member will be proportionately as strong as the member 
taken as a whole. 

No web shall have a thickness less than one-thirtieth the distance 
between the lines of rivets connecting it to the flanges, and no cover 
plate shall have a thickness less than one-fortieth the distance between 
rivet lines. 

Flanges of built members which have no cover plates shall have a 
thickness not less than one-twelfth the width of the outstanding leg. 


Lateral System. 


All lateral and portal bracing shall be made of shapes capable of 
resisting both compression and tension, and shall have riveted con- 
nections to the chords. 

Laterals shall be as nearly in the plane of the axes of the chords as 
practicable. When eccentricity is unavoidable, however, provision 
shall be made for the maximum bending stresses which would be.pro- 
duced in the connections with the member fully loaded. 

Portals for through bridges shall be as deep as the specified head 
room and depth of truss will permit. They shall consist of top and 
bottom struts and stiff intermediate bracing. All portals shall be 
provided with curved knee or corner braces. 

Intermediate top struts in through bridges shall have a depth not 
less than that of the top chord, and, if the engineer so requires, they 
shall be provided with curved knee or corner braces. 

End struts shall be provided at the ends of all bottom chords, 


Sway Bracing. : 

All deck bridges shall be provided at each panel point with sway 
bracing made of shapes capable of resisting both tension and com- 
pression. The sway bracing shall extend the full depth of the 
trusses, and at the end of the trusses ample provision shall be made 
for transferring all wind loads to the piers or abutments. 


Hand Railing. 

A substantial hand railing not less than 34 feet high and of appro- 
priate design shall be constructed on the outside of footwalks, or, when 
footwalks are omitted, at the outside of the roadway. 
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Expansion and Contraction. 

Provision shall be’ made for all bridge structures to change in — 
length owing to temperature changes at least $ inch for each 10 feet 
of span, and joints shall be provided at such points in the floor and 
pavement as may be indicated on the drawings furnished or approved 
by the engineer. 


Expansion Bearings. 

For all beam and girder bridges expansion bearings shall be de- 
signed for motion to take place by sliding. For all truss bridges the 
expansion bearings shall preferably be provided with rollers or rock- 
ers, though for spans less than 80 feet in length the engineer may, mn 
his discretion, permit the use of sliding bearings. All rollers or rock- 
ers shall have a diameter of at least 3 inches. In all cases the bear- 
ings shall be so designed that motion can take place in a longitudinal 
direction only, and shall be so placed at the time the bridge is erected 
that the shoe or bolster will occupy a central position on the bearing 
at the atmospheric temperature specified by the engineer in writing. 


Shoes or Bolsters. 

Shoes or bolsters shall be so designed as to distribute the load 
over the entire bearing, and shall be securely stayed against lateral or 
upward motion by anchor bolts. Fixed bearings shall be rigidly 
anchored to the masonry. 


Bedplates. 

Bedplates shall be designed to distribute the load over an area 
sufficiently great to keep the pressure upon the masonry within the 
hereinbefore specified limits. All bed and bearing plates on masonry 
shall be set on sheet lead not less than 4 inch thick and the same size 
as the plate. 


WORKMANSHIP. 
General. 

All parts entering into the structure shall be constructed in accord- 
ance with approved drawings. The workmanship and finish shall 
equal the best practice in modern highway-bridge construction. 

Due regard shall be given the appearance of the finished structure, 
and any part of the structure which, in the opinion of the engineer, 
does not present a neat and sightly appearance shall be repaired or 
replaced as he may direct. The edges of sheared steel plates in main 
members shall be carefully faced or planed to remove defects caused 
by shearing. 
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Forging and Annealing. 
All forging must be done while the steel is at red heat, and all forged 


parts must be annealed by heating the steel to a uniform dark-red 
heat and permitting it to cool slowly. No welds will be allowed. 


Rwet Holes and Rivets. 


In punching rivet holes the diameter of the punch used shall not 
be more than -, inch greater than the diameter of the rivet. Material 
more than ? mech thick shall be subpunched and reamed or drilled 
from the solid. 

Rivet holes shall be so punched as to match accurately when the 
parts are assembled. Poor matching of rivet holes will constitute 
a cause for rejection. . 

Rivets shall be driven by mechanical power wherever practicable. 
All rivets must have neatly capped full heads and grip the assembled 
parts firmly. Tightening loose rivets by recupping and calking will 
not be allowed. All loose, burned, or otherwise defective rivets shall 
be removed and replaced. 

Riveted members shall have their contact surfaces painted, and 
shall be pinned up and firmly drawn together with bolts before 
riveting is commenced. 


Pins and Rollers. 


Pins and rollers shall be accurately turned to gauge and entirely 
free from flaws of any character. 


MATERIALS. 
STEEL. 
Process of Manufacture. 
The steel shall be made by the open-hearth process. 


Chemical Composition. 
The steel shall be uniform in character and shall conform to the 
following requirements as to chemical composition: 
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Ladle Analyses. 

An analysis shall be made by the manufacturer from a ladle test 
ingot taken during the pouring of each melt, to determine the per- 
centages of carbon, manganese, phosphorus, and sulphur, and a 
record of this analysis shall be furnished the engineer free of cost. 
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Check Analyses. 

If required by the engineer, a check analysis shall be made from 
finished material representing each melt. The percentages of phos- 
phorus and sulphur shown by the check analysis may exceed the 
percentages specified above by 25 per cent. 


Physical Properties and Tests. 

The tensile strength, elastic limit, and ductility shall be deter- 
mined by testing samples cut from the finished material after rolling. 
The samples shall be not less than 12 inches long and shall have a 
uniform sectional area of not less than 4 square inch. 


Structural Steel. 


Structural steel shall have an ultimate strength of not less than 
60,000 pounds, and not more than 70,000 pounds per square inch, an 
elastic limit of not less than one-half the ultimate strength, and a 
minimum elongation of 20 per cent in 8 inches. For eyebar material 
not over 20 per cent shall show a tensile strength of less than 62,000 
pounds or more than 68,000 pounds per square inch. Steel for pins 
may have a minimum elongation of 15 per cent. All structural steel 
shall withstand bending cold without cracking through 180° around 
a pin the diameter of which is one and one-half times the thickness of 
the specimen. Full size material for eyebars shall withstand bending 
cold without cracking through 180° around a pin the diameter of 
which is equal to the thickness of the material. 

Pins over 7 inches in diameter shall be forged. Blooms for pins 
shall have at least three times the sectional area of the finished pin. 


Rivet Steel. - 


Rivet steel shall have an ultimate strength of not less than 48,000 
pounds and not more than 58,000 pounds per square inch, an elastic 
limit of not less than one-half the ultimate strength, and an elonga- 
tion of not less than 26 per cent in 8 inches. 

Rivet rods shall withstand bending cold without cracking through 
180° so that the parts on each side of the bend come into actual con- 
tact throughout their length. When nicked and bent around a bar of 
their own diameter, they shall break gradually and give a fine, 
uniform, silky fracture. 


Steel Castings. 


Steel castings shall be used for drawbridge wheels, track segments, 
and gearing. They shall be true to form and dimensions, uniform: 
in character, free from injurious blowholes or other defects, and 
finished in workmanlike manner. 
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When specimens having a uniform sectional area of at least 4 
square inch for at least 2 inches of their length are tested, they shall 
show an ultimate strength of not less than 67,000 pounds per square 
inch, an elastic limit of one-half the ultimate strength, and an elon- 
gation of not less than 10 per cent in 2 inches. 


TIMBER. 


All timber used for purposes other than constructing temporary © 
forms and false work shall be of the kind specified in writing by the 
engineer and of the first quality of the kind specified. It shall be 
free from all defects which would impair its strength or durability. 


OTHER MATERIALS. 


All other materials shall be of the kind and quality specified on 
the drawings or in writing by the engineer, or, in case of concrete 
_ masonry, as hereinafter specified. 


. PAINTING. 
Shop Painting. 

Before leaving the shop all steelwork shall be thoroughly cleaned 
and given one complete coat of such paint as is specified in writing 
by the engineer. Machine-finished surfaces shall be coated with 
white lead and tallow before being shipped or placed in the open air. 


Inaceessible Surfaces. 

All surfaces which are not accessible for painting after erection 
or after being riveted together shall be given before erection or before 
being riveted two coats of pure red lead and boiled linseed oil mixed 
in the proportion of 18 pounds of lead to 1 gallon of oil. 


Painting After Erection. 

After erection all metal work shall be thoroughly cleaned of mud, 
grease, or other objectionable material and evenly painted with 
two coats of paint of the kind and colors specified by the engineer. 
Linseed oil shall be used as the vehicle in mixing the paint for each 
of these coats and the separate coats shall be of distinctly different 
shades of color. 

All recesses which might retain water shall be filled with thick 
paint or some waterproof material before the final painting, and the 
first coat shall be allowed to become thoroughly dry before the second 
coat is applied. 

No painting shall be done in wet or freezing weather. 
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CONCRETE MASONRY. 
Plans and Drawings. 

All concrete masonry shall be built to conform with the ie and 
dimensions shown on the plans and drawings furnished or approved 
by the engineer in charge and which are hereby made a part of these 
specifications. In cases of discrepancies between figured dimensions 
and scale the figured dimensions are to govern. 


Concrete. | 

The concrete shall be of the character and mixed in the propor- 
tions indicated on the plans or as may be indicated in writing by the 
engineer in charge, or as hereinafter specified. All concrete shall be 
prepared and placed in strict accordance with the following specifi- 
cations and plans and the instructions of the engineer under them. 


Cement. 


The cement shall be of.some standard brand of Portland cement 
satisfactory to the engineer in charge. No cement shall be used 
which, when tested, fails to conform to the United States Govern- 
ment specifications for Portland cement as contained in Circular 33 
of the Bureau of Standards. Cement shall be delivered in sacks of 
94 pounds net weight, and each sack shall be considered as having a 
volume of 1 cubic foot. Cement which contains lumps or has been 
damaged in any way by exposure to the weather or by other cause 
shall be rejected. 


Sand. 


The sand shall consist of dry, clean, quartz grains and shall not 
contain more than 5 per cent of clay, loam, or other foreign materials. 
The grains shall be well graded and of such size that all will pass a 
4-inch mesh screen and not more than 20 per cent will pass a No. 50 
sieve. 


Coarse Aggregate. 


The coarse aggregate may consist of either broken stone or gravel. 
Stone shall be sound, hard, and tough, broken to the sizes hereinafter 
specified, and when used shall be free from foreign material. No 
weathered or disintegrated material shall be used. Gravel shall be 
composed of hard, sound, durable particles of stone, thoroughly clean 
and well graded in size between the limits specified below. 


Classes A, B, and OC. 


Unless otherwise especially provided, there shall be three classes 
of concrete, known as class A, class B, and class C. | 

Class A concrete shall consist (by olurne of 1 part of cement, 2 
parts of sand, 4 parts of coarse aggregate, and water. All of the 
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coarse aggregate shall be retained on a t-inch mesh screen and shall 
pass a l-inch mesh screen. Not more than 75 per cent shall be 
retained on a 4-inch mesh screen, and not more than 75 per cent shall 
pass such a screen. 

Class B concrete shall consist (by volume) of 1 part of cement, 24 
parts of sand, 5 parts of coarse ageregate, and water. All of the 
coarse aggregate shall be retained on a 41-inch mesh screen and shall 
pass a 13-inch mesh screen. Not more than 75 per cent shall be 
retained on a #-inch mesh screen, and not more than 75 per cent 
shall pass such a screen. 

Class C concrete shall consist (by volume) of 1 part of cement, 3 
parts of sand, 6 parts of coarse aggregate, and water. All of the 
coarse aggregate shall be retained on a }-inch mesh screen and shall 
pass a 24-inch mesh screen. Not more than 75 per cent shall be 
retained on a 14-inch mesh screen, and not more than 75 per cent 
shall pass such a screen. 
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— Mixing. 

The cement and sand shall first be thoroughly mixed dry, in the 
proportions specified, on a proper mixing platform. Sufficient clean 
water shall then be admixed to produce a pasty mortar. To the 
mortar thus prepared shall be added the proper proportion of coarse 
ageregate, previously drenched with water, and the whole shall be 
mixed until every particle of the coarse aggregate is thoroughly 
coated with the mortar. Instead of the above method a mechanical 
mixer satisfactory to the engineer may be employed. 


Size of Batch. 

Concrete shall be mixed in batches of such size that the entire 
batch may be placed in the forms by the force employed within 45 
minutes from the time that the first water is applied. No concrete 
is to be prepared from mortar which has taken an initial set and 
would require retempering. 


Placing. 

All concrete shall be carefully deposited in place and never allowed 
to fall from a height greater than 5 feet. Concrete shall never be 
deposited in running water, nor in still water, except under the 
direction of an engineer skilled and experienced in that special work. 

As fast as concrete is put into place it shall be thoroughly tamped 
in layers not more than 6 inches thick, and the portion next to the 
forms shall be troweled by using a spade, or by other means, to 
bring the mortar into thorough contact with the forms. 

Concrete shall not be deposited when the temperature of any of 
the materials composing it is below 35° F.; and if during the progress 
of the work freezing temperature threatens or is predicted by the 
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United States Weather Bureau, proper precautions shall be taken to 
protect from freezing all concrete laid within the four preceding days. 


Forms. 

Forms shall be so constructed as to continue rigidly in place dur- 
ing and after depositing and tamping the concrete. If during the 
placing of the concrete the forms show signs of bulging or sagging at 
any point, that portion of the concrete causing the distortion shall 
be immediately removed and the forms properly supported before 
continuing the work. The amount of concrete to be removed shall 
be determined by the engineer, and the contractor shall receive no 
extra compensation on account of the extra work thus occasioned. 
Forms for exposed surfaces shall be constructed of dressed lumber. 

All forms shall be left in place not less-than 36 hours and all sup- 
porting forms not less than 10 days after the concrete has been de- 
posited. These periods may be increased at the discretion of the 
engineer in charge. 

It is understood that all prices for concrete masonry shall include 
furnishing all materials and properly constructing all necessary 
forms. 


Jovnts. 


When the work of laying concrete is to be interrupted for a period 
ereater than one hour and there are no reinforcing rods projecting, 
provision for a joint shall be made in the following manner: Square 
timbers 8 by 8 inches, or some other suitable size approved by the 
engineer, shall be bedded in the concrete throughout the length of the 
course for one-half their thickness and allowed to remain until the 
concrete has taken its initial set. When the work of laying concrete 
‘is resumed, the timbers shall be removed and the surface thoroughly 
wet. No joints will be permitted in reinforced-concrete beams, and 
in floor slabs the jomts shall be vertical and parallel to the main 
reinforcing bars. 


Fimish. 

Forms covering surfaces of the concrete masonry which are to be 
exposed shall be removed immediately after the expiration of the 
period of time necessary for such forms to remain in place, as fixed 
by the engineer, and all crevices which may appear shall be filled 
with 1:2 cement mortar. These surfaces shall then be finished 
with 1:2 cement mortar and a wooden float, so as to present a 
smooth, neat appearance. 


Reinforced Concrete. 


All reinforced arches, beams, floors, parapets, guard rails, and all 
concrete masonry measuring 1s than 9 inches in chide shall be 





/] 4 > #&! 


= hi 


INSPECTION AND TESTING. 23 


made of class A concrete, unless otherwise specified on the drawings 


or directed by the engineer in writing. 


Abutments and Wing Walls. 


Unless otherwise specified on the drawings or in writing by the 
engineer, class B concrete shall be used for all abutments and wing 
walls the thickness of which is not less than 9 inches. 


Footings and Cut-off Walls. 


Class C concrete shall be used for all footings and cut-off walls, 
unless otherwise specified on the plans or directed in writing by the 
engineer. 


Steel for Reinforced Concrete. 


Unless otherwise specified on the drawings, all reinforcing steel 
shall consist of bars which have been deformed in some approved 
manner. No plain bars will be permitted- except as shown on the 
drawings or directed in writing by the engineer. 

The steel bars shall have the net sectional area and shall be placed 
in the exact positions indicated on the drawings. 

Unless otherwise specified on the drawings or in writing by the 
engineer, all reinforcing bars shall be of medium steel having an 
elastic limit of not less than 35,000 pounds per square inch, and shall 
be sufficiently malleable to withstand bending cold with a radius 
equal to twice the diameter or thickness of the bar through 180° 
without fracture. 

When placed in the concrete, the reinforcing steel shall be free 
from grease, dirt, and rust, and it shall be the duty of the contractor 
to provide means for properly cleaning the steel. 

Thorough contact of the concrete with every portion of the surface 
of the steel shall be obtained. 


Splheing Reinforcing Bars. | 

Unless otherwise specified on the drawings or in writing by the 
engineer, necessary splices in reinforcing bars shall be effected by 
overlapping the ends of the bars a distance equal to 40 times their 
thickness or diameter. 


INSPECTION AND TESTING. 


Orders for Materials. 

All materials used in connection with the work being done under 
these specifications shall be purchased especially for that work. The 
contractor shall furnish the engineer with complete copies of all 
orders for materials, and shall make all orders subject to the engineer’s 
approval of the materials. 
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Acceptance of Material or Work. : 


The engineer or his representative shall stamp each accepted piece 
or parcel with a private mark, and any material not so stamped may 
be rejected at any stage of the work. The engineer’s acceptance, 
however, does not relieve the contractor from responsibility for 
faulty material or workmanship and wherever such faulty material 
or workmanship is discovered it shall be repaired or removed and 
replaced, as the engineer may direct, by the contractor at his own - 
expense. 


Shop Inspection. 

The contractor shall furnish the engineer or his representative all 
facilities for testing materials and workmanship at the shop where 
the material is fabricated, and shall notify the engineer well in 
advance of beginning the shop work. 


Mill Inspection. 

The contractor shall furnish all facilities for testing the weight and 
quality of all material at the mill where it is manufactured. He 
shall provide, free of cost, a suitable testing machine for making the 
tests and such test specimens as the engineer or his representative 
may require. 

ERECTION. 


Contractor's Responsibilities. 


Unless otherwise specified in writing by the contracting parties, 
the contractor shall furnish all labor, tools, machinery, and materials 
for erecting the bridge complete in place and ready for traffic, in 
accordance with these specifications and the plans furnished or 
approved by the engineer. 

The contractor shall do all necessary hauling, set all stone or 
anchor bolts, remove existing structures when necessary, and per- 
form all other incidental work for which express provision has not 
been made. 

The contractor shall so conduct all his operations as not to inter- 
fere with the work of other contractors or close any thoroughfare by 
land or water except by written consent of the engineer. 

The contractor shall assume all risks of damage or accident to 
persons or property prior to the final acceptance of the finished 
structure. 

The contractor shall remove all false work, piling, and ther 
obstructions produced by his operations, and shall perform any 
additional work necessary to produce a sightly appearance in. the 
immediate vicinity of the structure. 
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‘ Final Test. 

Before final acceptance the engineer may, at his discretion, make 
a thorough test of the structure by passing over it the specified loads 
or their equivalents, or by resting the maximum load upon the struc- 
— ture for 12 hours. 

If any part of the structure fails to return to its original position 
after the load is removed, the contractor shall make such alterations 


as are necessary to enable the structure to stand the test without 
permanent change of any of its parts. 


SUPPLEMENTARY. 


The following supplementary clauses shall also apply to the work 
included in the contract of which these specifications form a part: 
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